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PREFACE TO THE EIGHTH EDITION 


In preparing this revision of Talbot’s Quantitative Chemical 
Analysis, the general arrangement of the material has not been 
altered. The greatest change is in the expansion of theoretical 
discussions and in the addition of new topics of importance for a 
more complete understanding of the principles of quantitative 
analysis. Thus, there have been included discussions covering 
such topics as the preparation of the sample, precision of analyt- 
ical operations, sensitiveness of the balance, calibration of 
weights, applications of the law of mass action, theory of indica- 
tors, co-precipitation effects, reduction potentials, and electro- 
lytic decomposition potentials. Topics dealing with the prin- 
ciples of titrations in general, and of potentiometric titrations 
in particular, have been considerably expanded. At the same 
time, attempt has been made to cover such theoretical discus- 
sions concisely and in a way that they can be readily understood 
by the student of chemistry who has not yet entered the field of 
physical chemistry as a major subject. 

As in the preceding edition, stoichiometric principles are dis- 
cussed in detail, and this phase of the subject is developed gradu- 
ally and in step with the related topics in the procedures and 
discussions. A few problems have been added, most of them 
covering the new topics introduced, and such minor changes have 
been made at various points in the directions as have been 
deemed advisable from long experience with the text in an intro- 
ductory course at the Massachusetts Institute of Technology. 

Pee i: 
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CAMBRIDGE, Mass. 
December, 1936. 


PREFACE TO THE SEVENTH EDITION 


In preparing this revision of Talbot’s Quantitatwwe Chemical 
Analysis, the arrangement of the material and the general treat- 
ment of the subject have not been materially altered, but many 
important changes and additions have been made. 

Stoichiometric principles are discussed in detail and this phase 
of the subject is developed gradually and in step with the related 
topics in the procedures and theoretical discussions. In this 
connection, numerous illustrative problems are explained. About 
225 problems, with answers, are available for home assignment. 
These problems, most of which are new, are not given as an 
aggregate as heretofore, but are divided into groups with each 
group following the corresponding discussions and illustrative 
examples in the text. 

Of the changes in the laboratory procedures may be mentioned 
the inclusion of the analysis of chloride by the indirect precipita- 
tion method, the substitution of the determination of sulfur in 
pyrites for the determination of sulfur in barium sulfate, the 
expansion of the procedures for the analysis of brass to cover also 
the analysis of bronze, and the inclusion of a discussion of 
potentiometric titrations. 

In addition to these, such minor changes have been made at 
various points in the discussions and directions as have been 
deemed advisable from long experience with the text as an intro- 
ductory course at the Massachusetts Institute of Technology. 

LF. B 
S. Gos, 


CAMBRIDGE, Mass. 
April, 1931. 


PREFACE TO THE SIXTH EDITION 


This Introductory Course of Quantitative Analysis has been 
prepared to meet the needs of students who are just entering 
upon the subject, after a course of qualitative analysis. It is 
primarily intended to enable the student to work successfully 
and intelligently without the necessity for a larger measure of 
personal assistance and supervision than can reasonably be given 
to each member of a large class. To this end the directions are 
given in such detail that there is very little opportunity for the 
student to go astray; but the manual is not, the author believes, 
on this account less adapted for use with small classes, where the 
instructor, by greater personal influence, can stimulate inde- 
pendent thought on the part of the pupil. 

The method of presentation of the subject is that suggested by 
Professor A. A. Noyes’ excellent manual of Qualitative Analysis. 
For each analysis the procedure is given in considerable detail, 
and this is accompanied by explanatory notes, which are believed 
to be sufficiently expanded to enable the student to understand 
fully the underlying reason for each step prescribed. The use 
of the book should, nevertheless, be supplemented by classroom 
instruction, mainly of the character of recitations, and the student 
should be taught to consult larger works. The general directions 
are intended to emphasize those matters upon which the beginner 
in quantitative analysis must bestow special care, and to offer 
helpful suggestions. The student can hardly be expected to 
appreciate the force of all the statements contained in these 
directions, or, indeed, to retain them all in the memory after a 
single reading; but the instructor, by frequent reference to special 
paragraphs, as suitable occasion presents itself, can soon render 
them familiar to the student. 

The analyses selected for practice are those comprised in the 


first course of quantitative analysis at the Massachusetts Insti- 
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tute of Technology, and have been chosen, after an experience of 
years, as affording the best preparation for more advanced work, 
and as satisfactory types of gravimetric and volumetric methods. 
From the latter point of view, they also seem to furnish the best 
insight into quantitative analysis for those students who can 
devote but a limited time to the subject, and who may never 
extend their study beyond the field covered by this manual. 
The author has had opportunity to test the efficiency of the 
course for use with such students, and has found the results 
satisfactory. 

In place of the usual custom of selecting simple salts as ma- 
terial for preliminary practice, it has been found advantageous 
to substitute, in most instances, approximately pure samples 
of appropriate minerals or industrial products. The difficulties 
are not greatly enhanced, while the student gains in practical 
experience. 

The analytical procedures described in the following pages have 
been selected chiefly with reference to their usefulness in teaching 
the subject, and with the purpose of affording as wide a variety 
of processes as is practicable within an introductory course of this 
character. The scope of the manual precludes any extended 
attempt to indicate alternative procedures, except through 
general references to larger works on analytical chemistry. The 
author is indebted to the standard works for many suggestions 
for which it is impracticable to make specific acknowledgment; 
no considerable credit is claimed by him for originality of pro- 
cedure. 

For many years, as a matter of convenience, the classes for 
which this text was originally prepared were divided, one part 
beginning with gravimetric processes and the other with volu- 
metric analyses. After a careful review of the experience thus 
gained the conclusion has been reached that volumetric analysis 
offers the better approach to the subject. Accordingly the 
arrangement of the present (the sixth) edition of this manual has 
been changed to introduce volumetric procedures first. Teachers 
who are familiar with earlier editions will, however, find that the 


PREFACE TO THE SIXTH EDITION ix 


order of presentation of the material under the various divisions 
is nearly the same as that previously followed, and those who 
may still prefer to begin the course of instruction with gravi- 
metric processes will, it is believed, be able to follow that order 
without difficulty. 

Procedures for the determination of sulfur in insoluble sul- 
fates, for the determination of copper in copper ores by iodi- 
metric methods, for the determination of iron by permanganate 
in hydrochloric acid solutions, and for the standardization of 
potassium permanganate solutions using sodium oxalate as a 
standard, and of thiosulfate solutions using copper as a stand- 
ard, have been added. The determination of silica in silicates 
decomposable by acids, as a separate procedure, has been omitted. 

The explanatory notes have been rearranged to bring them into 
closer association with the procedures to which they relate. The 
number of problems has been considerably increased. 

The author wishes to renew his expressions of appreciation of 
the kindly reception accorded the earlier editions of this manual. 
He has received helpful suggestions from so many of his col- 
leagues within the Institute, and friends elsewhere, that his sense 
of obligation must be expressed to them collectively. He is 
under special obligations to Professor L. F. Hamilton for assist- 
ance in the preparation of the present edition. 

Henry P. TALBOT. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
September, 1921. 


Ry ee ree 
ae oe 
ee ee " 

Pet oc , yi } A Act 
We hes zs ues 
wh i SUS spate Tee 
ose ml iS 

pi = Seth 

' oe i Se 





es as 
Ke : 
Pe - 
; , 
i 
a oa ; 
vy: 
A 3 ¢ « ee 
| be tee 










| | ‘hae * 
rane , i ad ME ete ee a jdehebS. Ay eee ais ie 





; Cae a ips iar 
De be, borane ae ae 
. 7 st a ey Sige om ph nn 


SRL AS aa eee een oe : te 
ie ee ree (eet ea feo ve ST i 
a ies 











CONTENTS 


PART I. INTRODUCTION 


CHAPTER I 


GENERAL CONSIDERATIONS 


Subdivisions of Analytical Chemistry; Literature of Quan- 
titative Analysis. 


CHAPTER II 


GENERAL DIRECTIONS FOR LABORATORY WORK 


Accuracy and Economy of Time; Notebooks; Reagents; Wash- 
Bottles; Transfer of Liquids; Evaporation of Liquids; Preparation 
of the Sample. 


CHAPTER III 
BONE UMATHIONGER ULES 2 eo ee ee es we ty Sh 
Proper Retention of Significant Figures; Precision of Analytical 
Operations. 


CHAPTER IV 


THE ANALYTICAL BALANCE Aen Soe Sees Cee 

General Discussion; Method of Swings; Sensitiveness of the 

Balance; Weights; Calibration of Weights; Experiment in 
Weighing. 


CHAPTER V 


PAV EORENUASSRACTION wane hy (hao 8 - a a ee eeett les 
General Discussion; Ionization Constant; Solubility Product; 
Problems. 


PART IJ. VOLUMETRIC ANALYSIS 


CHAPTER VI 


GENERAL DIRECTIONS FOR VOLUMETRIC WORK . 
Divisions of Volumetric Analysis; Burets; Calibration of the 
Burets; Pipets and Measuring Flasks; Calibration of Pipets and 
Measuring Flasks; Tolerances of Volumetric Glassware; General 
Directions for Titrations; Standard Solutions; Molar Solutions; 
Normal Solutions. 
xi 


PAGE 


I2 


1& 


35 


39 


xii CONTENTS 


CHAPTER VII 


NEUTRALIZATION METHODS 5 
Indicators; Change of Hydrogen-Ion Concentration duting 
Titration; Problems. 


CHAPTER VIII 


ALKALIMETRY AND ACIDIMETRY 


General Discussion; Preparation of Solutions us ‘be, Stand- 
ardized; Comparison of Acid and Alkali Solutions; Stoichiometry; 
Problems; Selection of the Standard; Standardization of Hydro- 
chloric Acid; Standardization of Sodium Hydroxide; Stoichiome- 
try; Problems; Determination of the Total Alkaline Strength of 
Soda Ash; Determination of the Acid Strength of Oxalic Acid; 
Stoichiometry; Double Indicator Titrations; Problems. 


CHAPTER IX 


OXIDATION-REDUCTION PROCESSES 


Relation of Electric Current to Oxidation; Spectic Oxidation 
Potentials; Relation between Electrode Potential and Concen- 
tration; Problems. 


CHAPTER X 


OXIDATION-REDUCTION TITRATIONS . 


General Discussion; Oxidation and Reduction eeuivalent, 
Problems. 


CHAPTER XI 


PERMANGANATE PROCESS 


Preparation of Standard Solutions; Stindastiestcd o Pou: 
sium Permanganate Solution; Stoichiometry; Problems; Deter- 
mination of Iron in Limonite; Stoichiometry; Determination of 
the Oxidizing Power of Pyrolusite; Stoichiometry; Problems. 


CHAPTER XII 


BICHROMATE PROCESS 


Preparation of Solutions; Preparien ee Indicator Sofieion, 
Comparison of Oxidizing and Reducing Solutions; Standardization 
of Potassium Bichromate Solutions; Determination of Iron in 


Limonite; Stoichiometry; Determination of Chromium in Chrome 
Tron Ore; Stoichiometry: Problems. 


CHAPTER XIII 
CERIC SULFATE PROCESS 


PAGE 


51 


62 


87 


94 


Ico 


123 


135 


CONTENTS 


CHAPTER XIV 


IODIMETRY , 

Preparation of Standard Solna: apyooucition of the Indicator 
Solution; Comparison of Iodine and Thiosulfate Solutions; Stand- 
ardization of Solutions; Stoichiometry; Determination of Anti- 
mony in Stibnite; Stoichiometry; Determination of Copper in 
Ores; Stoichiometry; Problems. 


CHAPTER XV 


CHLORIMETRY ‘ 
Determination of the Available Chlonnes in Bleschine Powder: 


CHAPTER XVI 


PRECIPITATION METHODS . 

Indicators for Precipitation Methods; Determination uf Silver 
and Halide by the Thiocyanate Process; Preparation of the So- 
lution; Standardization; Determination of Silver in a Coin; Deter- 
mination of Chlorine in a Chloride; Stoichiometry; Problems. 


CHAPTER XVII 


POTENTIOMETRIC METHODS . ; 
General Discussion; Potentiometric ncidunetic eriteationsi 
The Potentiometer Principle; The Quinhydrous Electrode; Po- 
tentiometric Oxidation-Reduction Titration; Potentiometric Pre- 
cipitation Methods; Problems. 


PART III. GRAVIMETRIC ANALYSIS 


CHAPTER XVIII 


GENERAL DISCUSSION OF GRAVIMETRIC PRINCIPLES 
Analytical Separations; Methods Based on Solubility; Frac- 
tional Precipitation; Separations Based on Regulation of pH; 
Co-Precipitation; Types of Precipitates; Funnels and Filters; Fil- 
tration and Washing of Precipitates; Desiccators; Crucibles; 
Preparation of Crucibles for Use; Ignition of Precipitates; 
Stoichiometry; Chemical Factor; Problems. 


CHAPTER XIX 


ANALYSES OF SOLUBLE SALTS 
Determination of Chlorine in a Soluble Chionde: Steichiometny: 
Problems; Determination of Iron in Ferrous Ammonium Sulfate; 
Stoichiometry; Determination of Sulfur in Ferrous Ammonium 
Sulfate. 


PAGE 
137 


156 


159 


170 


I8r 


201 


xIV CONTENTS 


CHAPTER XX 


PAGE 


ANALYSES OF ORES@ 2) es: Gee 219 


Determination of Sulfur in Pyrite; Stoichiometry; Problems; 
Determination of Phosphoric Anhydride in Apatite; Stoichiome- 
try; Problems; Analysis of Limestone or Dolomite (Moisture — 
Insoluble Matter and Silica— Combined Oxides — Calcium — 
Magnesium — Carbon Dioxide); Stoichiometry; Problems, De- 
termination of Silica in a Silicate; Stoichiometry; Problems. 


CHAPTER XXI 


ANALYSIS OF AN-ALLOV., 22° e204 4 teat eae 
Analysis of Brass and Bronze; Electrolytic Separations; Elec- 
trode Potentials; Decomposition Potentials; General Conditions 
for Electrolysis; Determination of Tin in Bronze; Determination 
of Copper and Lead; Determination of Iron; Determination of 
Zinc; Stoichiometry; Problems. 


ApPENDER <a eee Baa te Ca eee Aa ee eee 


ENDER A! Fac Sorel cp dts). Neo tea eae, 10 ee io Po aaen emer (Mic ECREEEZOS 


QUANTITATIVE CHEMICAL ANALYSIS 





PART I 
INTRODUCTION 


CHAPTER I i. 


GENERAL CONSIDERATIONS 


Subdivisions of Analytical Chemistry. — A complete chemical 
analysis of a body of unknown composition involves the recogni- 
tion of its component parts by the methods of qualitative analysis, 
and the determination of the proportions in which these com- 
ponents are present by the processes of quantitative analysis. A 
preliminary qualitative examination is generally indispensable, 
if intelligent and proper provisions are to be made for the separa- 
tion of the various constituents under such conditions as will 
insure accurate quantitative estimations. 

It is assumed that the operations of qualitative analysis are 
familiar to the student, who will find that the reactions made 
use of in quantitative processes are frequently the same as those 
employed in qualitative analyses with respect to both precipita- 
tion and systematic separation from interfering substances; 
but it should be noted that the conditions must now be regulated 
with greater care, and in such a manner as to insure the most 
complete separation possible. For example, in the qualitative 
detection of sulfates by precipitation as barium sulfate from acid 
solution it is not necessary, in most instances, to take into account 
the solubility of the sulfate in hydrochloric acid, while in the 
quantitative determination of sulfates by this reaction this 
solubility becomes an important consideration. The operations 
of. qualitative analysis are, therefore, the more accurate the 


nearer they are made to conform to quantitative conditions. 
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The methods of quantitative analysis are usually subdivided, 
according to their nature, into those of gravimetric analysis and 
volumetric analysis. In gravimetric processes the constituent to be 
determined is sometimes isolated in elementary form, but more 
commonly in the form of some compound possessing a well- 
established and definite composition, which can be readily and 
completely separated, and weighed either directly or after igni- 
tion. From the weight of this substance and its known com- 
position, the amount of the constituent in question is determined. 

In volumetric analysis, instead of weighing a definite body, a 
well-defined reaction is caused to take place, wherein the reagent 
is added from an apparatus so designed that the volume of the 
solution employed to complete the reaction can be accurately 
measured. The strength of this solution is accurately known, 
and the volume employed serves, therefore, as a measure of the 
substance acted upon. An example will make clear the dis- 
tinction between these two types of analysis. The percentage 
of chlorine in a sample of sodium chloride may be determined 
by dissolving a weighed amount of the chloride in dilute acid 
and precipitating the chloride ions as silver chloride, which is 
then separated by filtration, ignited, and weighed (a gravimetric 
process); or the sodium chloride may be dissolved in dilute acid, 
and a solution of silver nitrate containing an accurately known 
amount of the silver salt in each milliliter may be cautiously 
added from a measuring device called a buret until precipitation 
is just complete, when the amount of chlorine may be calculated 
from the number of milliliters of the silver nitrate solution in- 
volved in the reaction (a volumetric process). 

An electrometric analysis is a volumetric process in which the 
completion of the reaction is indicated by electrical means rather 
than by the change of color of an indicator. 

Volumetric methods are generally more rapid, require less 
apparatus, and are frequently capable of greater accuracy than 
gravimetric methods. They are particularly useful when many 
determinations of the same sort are required. 

In addition to these divisions of quantitative analysis, there are 
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a number of physico-chemical methods which make use of special 
optical properties of certain substances. In a colorimetric analysis 
the substance to be determined is converted into some compound 
which imparts to its solutions a distinct color, the intensity of 
which must vary in direct proportion to the amount of the com- 
pound in the solution. Such solutions are compared with respect 
to depth of color with standard solutions containing known 
amounts of the colored compound, or of some other similar color- 
producing substance which has been found acceptable as a color 
standard. Colorimetric methods are, in general, restricted to the 
determinations of very small quantities, since only in dilute 
solutions are accurate comparisons of color possible. 

The polariscope measures the degree to which the plane of 
polarized light is rotated and is frequently used in the analysis 
of sugars which in solution are capable of causing such rotation. 
The turbidimeter and nephelometer measure the degree of turbidity 
of suspensions of semi-colloidal precipitates, and small amounts 
of certain substances can thus be quantitatively estimated. The 
spectroscope can be used for approximate quantitative measure- 
ments, and occasionally substances can be estimated from de- 
- terminations of such physical constants as specific gravity and 
index of refraction. 

Literature of Quantitative Analysis. — The methods of quan- 
titative analysis are so diversified and depend so much on the 
nature of the material under examination that only a relatively 
few typical and illustrative determinations can be included in a 
single laboratory manual. The analyst must frequently consult 
reference books or chemical periodicals for specific laboratory 
directions in the case of a great many of the analyses he makes. 
The following list contains some of the more common and useful 
reference books and larger textbooks on quantitative analysis. 
Most of them should, if possible, be made available to the student, 
and he should be encouraged to become familiar with the nature 
of their contents and to consult them frequently. The list is by 
no means a complete one, and in order to make it brief, preference 
has been given to modern works in the English language. 
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GENERAL TREATISES 


Classen, A. Handbuch der analytischen Chemie, Vol. II. Enke, 1924. 

Fresenius, C. R. Quantitative Analysis (2 vols., translated by A. L. Cohn). 
Wiley, 1908. ; 

Hillebrand, W. F., and Lundell, G. E. F. Applied Inorganic Analysis. 
‘Wiley, 1929. 

Kolthoff, I. M., and Sandell, E. B. Textbook of Quantitative Inorganic 
Analysis. Macmillan, 1936. 

Scott, W. W. Standard Methods of Chemical Analysis, Vol. I. Van Nostrand, 
1925. 

Treadwell, E. P., and Hall, W. T. Analytical Chemistry, Vol. II. Wiley, 1935. 


THEORY 


Bassett, H. The Theory of Quantitative Analysis. Routledge, 1925. 

Farnsworth, M. The Theory and Technique of Quantitative Analysis. Wiley, 
1928. 

Smith, T. B. Analytical Processes. Arnold, 1929. 


SPECIALIZED METHODS OF ANALYSIS 

Classen, A., and Hall, W. T. Quantitative Analysis by Electrolysis. Wiley, 
1919. 

Fischer, A. Electroanalytische Schnellmethoden. Enke, 1926. 

Kolthoff, I. M. The Colorimetric and Potentiometric Determination of pH. 
Wiley, 1931. : 

Kolthoff, I. M. Konduktrometrische Tirationen.. Steinkopf, 1923. 

Kolthoff, I. M., and Furman, N. H. Potentiometric Titrations. Wiley, 1931. 

Lacey, W. N. Instrumental Methods of Analysis. Macmillan, 1924. 

Miiller, E. Elektrometrische Massanalyse. Steinkopf, 1932. 

Yoe, J. H. Photometric Chemical Analysis, Vol. I (Colorimetry) and Vol. II 
(Nephelometry). Wiley, 1928. 


ANALYSIS OF SPECIAL TYPES OF MATERIAL 


Allen, A. H. Commercial Organic Analysis (8 vols.). Blakiston, 1923-1930. 
Berl, E., and Lunge, G. Chemisch-technische Untersuchungsmethoden (s vols.). 
Springer, 1931-1934. 

Dennis, L. M., and Nichols, M. L. Gas Analysis. Macmillan, 1920. 
Doolittle, R. E., and others. Official and Tentative Methods of Analysis. 
Association of Official Agricultural Chemists. Washington, 1930. 

Griffin, R. C. Technical Methods of Analysis. McGraw-Hill, 1927. 
Hall, W. T., and Williams, R. S. Chemical and M. etallographic Examination 
of Iron, Steel, and Brass. McGraw-Hill, 1g2t. 


Ibbotson, F., and Aitcheson, L. Analysis of Non-Ferrous Alloys. Longmans, 
Green, 1922. 
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Johnson, C. M. Rapid Methods for the Chemical Analysis of Special Steels, 
Wiley, 1932. 

Leach, A. E., and Winton, A. L. Food Inspection and Analysis. Wiley, 1924. 

Low, A. H. Technical Methods of Ore Analysis. Wiley, 1927. 

Lundell, G. E. F., Hoffman, J. I., and Bright, H. A. Chemical Analysis of 
Iron and Steel. Wiley, 1932. 

Lunge, G., and Keane, C. A. Technical Methods of Chemical Analysis (3 vols.). 
Van Nostrand, 1924-1931. 

Mahin, E. G., and Carr, R. H. Quantitative Agricultural Analysis. McGraw- 
Hill, 1923. 

Moore, R. B., and others. Analytical Methods for Certain Metals. Bureau 
of Mines, Bulletin 212. Washington, 1923. 

Price, W. B., and Meade, R. K. The Technical Analysis of Brass and Non- 
Ferrous Alloys. Wiley, 1922. 

Schoeller, W. R., and Powell, A. R. The Analysis of the Minerals and Ores 
of the Rarer Elements. Lippincott, 1919. 

Scott, W. W. Standard Methods of Chemical Analysis, Vol. II (technical 
methods). Van Nostrand, 1925. 

White, A. H. Gas and Fuel Analysis. McGraw-Hill, 1922. 

Wiley, H. W. Principles and Practice of Agricultural Analysis. Chemical 
Publishing Co., 1926. 

Woodman, A. G. Food Analysis. McGraw-Hill, 1931. 

SPECIALIZED TOPICS 
‘Britton, H. T. S. Hydrogen Ions. Van Nostrand, 1929. 

Clark, W. M. The Determination of Hydrogen Ions. Williams and Wilkins, 
1928. 

Kolthoff, I. M., and Furman, N. H. Indicators. Wiley, 1926. 

Prideaux, E. B. R. The Theory and Use of Indicators. Constable, 1917. 


STOICHIOMETRY 


Hamilton, L. F., and Simpson, S. G. Calculations of Quantitative Chemical 
Analysis. McGraw-Hill, 1927. 

Long, J. S., and Anderson, H. V. Chemical Calculations. McGraw-Hill, 1932. 

Wilkinson, J. A. Calculations in Quantitative Chemical Analysis. McGraw- 
Hill, 1928. 


JouRNALS 
The Analyst 
Annales de chimie analytique et de chimie appliquée et revue de chimie analytique 
réunties 


Chemical Abstracts (Section 7) 
Industrial and Engineering Chemistry, Analytical Edition 


Zeitschrift fiir analytische Chemie 


CHAPTER II ~ 
GENERAL DIRECTIONS FOR LABORATORY WORK 


The following paragraphs should be read carefully and thought- 
fully. A prime essential for success as an analyst is attention 
to details and the avoidance of all conditions which could destroy, 
or even lessen, confidence in the analyses when completed. The 
suggestions here given are the outcome of much experience, and 
their adoption will tend to insure permanently work of a high 
grade, while neglect of them will often lead to disappointment 
and loss of time. 

Accuracy and Economy of Time. — The fundamental concep- 
tion of quantitative analysis implies a necessity for all possible 
care in guarding against loss of material or the introduction of 
foreign matter. The laboratory desk, and all apparatus, should be 
scrupulously neat and clean at all times. A sponge should always 
be ready at hand, and desk and filter-stands should be kept dry 
and in good order. Funnels should never be allowed to drip upon 
the desk. Glassware should always be wiped with a clean, lintless 
towel just before use. All filters and solutions should be covered 
to protect them from dust, just as far as is practicable, and every 
drop of solution or particle of precipitate must be regarded as 
invaluable for the success of the analysis. 

An economical use of laboratory hours is best secured by 
acquiring a thorough knowledge of the character of the work to 
be done before undertaking it, and then by so arranging the work 
that no time shall be wasted during the evaporation of liquids 
and other time-consuming operations. To this end the student 
should read thoughtfully not only the entire procedure, but the 
explanatory notes as well, before any step is taken in the analysis. 
The explanatory notes furnish, in general, the reasons for par- 
ticular steps or precautions, but they also occasionally contain 
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details of manipulation not incorporated, for various reasons, in 
the procedure. These notes follow the procedures at frequent 
intervals, and the exact points to which they apply are indicated 
by references. The student should realize that a failure to study 
the notes will inevitably lead to mistakes, loss of time, and an in- 
adequate understanding of the subject. 

All analyses should be made in duplicate, and in general a 
close agreement of results should be expected. It should, how- 
ever, be remembered that a close concordance of results in “‘ check 
analyses” is not conclusive evidence of the accuracy of those 
results, although the probability of their accuracy is, of course, 
considerably enhanced. The satisfaction in obtaining “check 
results” in such analyses must never be allowed to interfere with 
the critical examination of the procedure employed, nor must 
they ever be regarded as in any measure a substitute for absolute 
truth and accuracy. 

In this connection it must also be emphasized that only the 
operator himself can know the whole history of an analysis, and 
only he can know whether his work is worthy of full confidence. 
No work should be continued for a moment after such confidence 
is lost, but should be resolutely discarded as soon as a cause 
for distrust is fully established. The student should, however, 
determine to put forth his best efforts in each analysis; it is well 
not to be too ready to condone failures and to ‘“‘begin again,” 
as much time is lost in these fruitless attempts. 

Nothing less than absolute integrity is or can be demanded of a 
quantitative analyst, and any disregard of this principle, however 
slight, is as fatal to success as lack of chemical knowledge or 
inaptitude in manipulation can possibly be. 

Notebooks. — Notebooks should contain, beside the record of 
observations, descriptive notes. All records of weights should be 
placed upon the right-hand page, while that on the left is reserved 
for the notes, calculations of factors, or the amount of reagents 
required. 

The neat and systematic arrangement of the records of analyses 
is of the first importance, and is an evidence of careful work, and 
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an excellent credential. Of two notebooks in which the results 
may be, in fact, of equal value as legal evidence, that one which 
is neatly arranged will carry with it greater weight. 

All records should be dated, and all observations should be 
recorded at once in the notebook. The making of records upon 
loose paper is a practice to be deprecated, as is also that of copy- 
ing original entries into a second notebook. The student should 
accustom himself to orderly entries at the time of observation. 
Several sample pages of systematic records are to be found in 
the Appendix. These are based upon experience, but other 
arrangements, if clear and orderly, may prove equally service- 
able. The student is advised to follow the sample pages until he 
is in a position to plan out a system of his own. 

Reagents. — The habit of carefully testing reagents, including 
distilled water, cannot be acquired too early or practiced too 
constantly; for, in spite of all reasonable precautionary measures, 
inferior chemicals will occasionally find their way into the stock 
room, or errors will be made in filling reagent bottles. The student 
should remember that while there may be others who share the 
responsibility for the purity of materials in the laboratory of an 
institution, the responsibility will later. be one which he must 
individually assume. 

The stoppers of reagent bottles should never be laid upon the 
desk, unless upon a clean watch-glass or paper. The neck and 
mouth of all such bottles should be kept scrupulously clean, and 
care taken that no confusion of stoppers occurs. 

In measuring out a liquid reagent, if more than the desired 
amount is poured out, it is best to discard the excess rather than 
to return it to the reagent bottle. 

Wash-Bottles. — Wash-bottles for distilled water should be 
made from flasks of about one liter capacity and be provided 
with gracefully bent tubes, which should not be too long. The 
jet should be connected with the tube entering the wash-bottle by 
a short piece of rubber tubing in such a way as to be flexible, and 
should deliver a stream about one millimeter in diameter. The 
neck of the flask may be wound with cord, or covered with wash- 
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leather, for greater comfort when hot water is used. Better still, 
a section of automobile radiator hose about 3} inches long may 
be used. The piece of hose should be 
slit down its length and can then be 
quickly slipped on or off the wash- 
bottle (Fig. 1). 

It is well to provide several small 
wash-bottles for liquids other than dis- 
tilled water. They should be clearly 
labeled. 

Transfer of Liquids. — Liquids 
should never be transferred from one 
vessel to another, nor to a filter, with- 
out the aid of a stirring rod held firmly against the side or lip 
of the vessel. When the vessel is provided with a lip it is not usu- 
ally necessary to use other means to prevent the loss of liquid by 
running down the side; whenever loss seems imminent a very thin 
layer of vaseline, applied with the finger to the edge of the vessel, 
will prevent it. The stirring rod down which the liquid runs 
should never be drawn upward in such a way as to allow the 
‘solution to collect on the under side of the rim or lip of a vessel. 

The number of transfers of liquids from one vessel to another 
during an analysis should be as small as possible to avoid the risk 
of slight losses. Each vessel must, of course, be completely 
washed to insure the transfer of all material; but it should be 
remembered that this can be accomplished better by the use of 
successive small portions of wash-water (perhaps 5-10 ml.), if 
each wash-water is allowed to drain away for a few seconds, than 
by the addition of large amounts which unnecessarily increase 
the volume of the solutions, causing loss of time in subsequent 
filtrations or evaporations. 

All stirring rods employed in quantitative analyses should be 
rounded at the ends by holding them in the flame of a burner 
until they begin to soften. If this is not done, the rods will 
scratch the inner surface of beakers, causing them to crack on 
subsequent heating. 
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Evaporation of Liquids. — The greatest care must be taken to 
prevent loss of solutions during processes of evaporation, either 
from too violent ebullition, from evaporation to dryness and spat- 
tering, or from the evolution of gas during the heating. In 
general, evaporation upon the steam bath is to be preferred to 
other methods on account of the impossibility of loss by spatter- 
ing. If the steam baths are well protected from dust, solutions 
should be left without covers during evaporation; but solutions 
which are boiled upon the hot plate, or from which gases are 
escaping, should invariably be covered. In any case a watch- 
glass may be supported above the vessel by means of a glass 
triangle, or other similar device, and the danger of loss of material 
or contamination by dust thus be avoided. It is obvious that 
evaporation is promoted by the use of vessels which admit of the 
exposure of a broad surface to the air. 

Liquids which contain suspended matter (precipitates) should 
always be cautiously heated, since the presence of the solid matter 
is frequently the occasion of violent “bumping,” with consequent 
risk to apparatus and analysis. 

Preparation of the Sample. — In most courses of instruction 
in quantitative analysis the samples. given out for student 
analysis are small in amount, finely ground, and practically 
homogeneous. In actual practice, however, the analyst is 
frequently called upon to determine the average composition of 
several pounds, sometimes even several tons, of material which 
may be far from homogeneous. To obtain from this the requisite 
small sample for actual laboratory analysis requires a great deal 
of careful work. The method of procedure varies somewhat with 
the nature, size, and homogeneity of the original material, and it 
is impossible to give set rules which are of general applicability. 
Experience and good judgment are of great value in such cases. 

If the material is in such large quantities that mixing is im- 
possible or impracticable, portions should be withdrawn from 
throughout the batch of material with the purpose of preparing a 
smaller, more easily handled sample, having the same average 
-composition as the original. To accomplish this, the portions 
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should be taken at regular intervals throughout the entire mass 
of material and each should be of sufficient size to include a fair 
share of both the coarser and the finer particles. In most cases 
25 such portions totaling about 25 of the original weight are 
sufficient. In this way a half-ton of ore, for example, is reduced to 
a representative sample of 50 pounds which can then be handled 
quite readily. 

_ The coarser lumps of material should then be crushed to a 
smaller size, and the sample thoroughly mixed. The process of 
quartering should then be carried out. This consists in piling up 
the well-mixed material into a cone and dividing it into quarters. 
Opposite quarters are rejected, and the remaining half portion 
again treated as before, the coarser particles being broken up and 
the material thoroughly mixed between each quartering process. 
When the sample has been reduced to the weight of approximately 
a pound, the mixing can be accomplished most efficiently by the 
process of tabling. This consists in rolling the sample back and 
forth on a paper of half-newspaper size. Each of the four corners 
of the paper is lifted in turn so that the sample is always rolled 
at right angles to the direction it previously took. 

As the quartering proceeds, the sample eventually becomes 
sufficiently small to be ground in a mortar. In the case of miner- 
als and other hard and abrasive substances, an agate mortar and 
pestle should be used. Even then, when considerable grinding is 
required, appreciable amounts of impurities are introduced from 
the mortar. In general the grinding should proceed no further 
than to the point where the sample will dissolve within a reason- 
able time in the solvent to be used. In a few cases it is necessary 
to grind the sample to a point where it will pass through a silk 
bolting cloth. The finely ground sample is placed in a small lip- 
less beaker, the silk bolting cloth is fastened over the mouth of 
the beaker by means of a rubber band, and the sample is shaken 
through the cloth upon a sheet of glazed paper or into a larger 
dry beaker. Any residual powder should be ground until all of the 
sample has passed through the cloth. 


CHAPTER III ° 
COMPUTATION RULES 


Proper Retention of Significant Figures. — In any quantitative 
analysis certain numerical data are obtained and from them 
numerical results are calculated. The retention of the proper 
number of significant figures in the data and in the results ob- 
tained is a matter of considerable importance, for the number of 
significant figures used in expressing a given value should give at 
least an approximate indication of its precision. A numerical 
result expressed by fewer or more significant figures than are 
warranted by the various factors involved may give an impres- 
sion nearly as erroneous as would be given by a result which is 
entirely inaccurate. The following rules and explanations are 
from Hamilton and Simpson’s Calculations of Quantitative 
Chemical Analysis. 

A number is an expression of quantity. 

A figure, or digit, is any one of the characters: 0, 1, 2, 3, 4, 5, 6, 
7, 8, 9, which, alone or in combination, serve to express numbers. 

A significant figure is a digit which denotes the amount of 
the quantity in the place in which it stands. In the case of 
the number 243, the figures signify that there are two hundreds, 
four tens, and three units, and are therefore all significant. 
The character, o, is used in two ways. It may be used as a 
significant figure, or it may be used merely to locate the decimal 
point. It is a significant figure when it indicates that the quantity 
in the place in which it stands is known to be nearer zero than to 
any other value. Thus, the weight of a crucible may be found to 
be 10.603 grams, in which case all five figures, including the zeros, 
are significant. If the weight in grams of the crucible were found 
to be 10.610, meaning that the weight as measured was nearer 


10.610 than 10.609 or 10.611, both zeros would be significant. 
I2 
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By analysis, the weight of the ash of a quantitative filter-paper 
is found to be 0.00003 gram. Here, none of the zeros are signifi- 
cant, but merely serve to show that the figure 3 belongs in the 
fifth place to the right of the decimal point. Any other characters 
except digits would serve the purpose as well. The same is true 
of the value 356,000 inches, when signifying the distance between 
two given points as measured by instruments which are accurate 
_ to three figures only. The zeros are not significant. 

Rule I. — Retain as many significant figures in a result and in 
data in general as will give only one uncertain figure. (For very 
accurate work involving lengthy computations, two uncertain 
figures may sometimes be retained.) Thus, the value 25.34, 
representing the reading of an ordinary buret, contains the proper 
number of significant figures, for the digit 4 is obtained by 
estimating an ungraduated scale division, and is doubtless 
uncertain. Another observer would perhaps give a slightly dif- 
ferent value for the buret reading — for example, 25.33 or 25.35. 
All four figures should be retained. 

Rule IIT. —In rejecting superfluous and inaccurate figures, 
increase by 1 the last figure retained if the following rejected 
figure is 5 or over. Thus, in rejecting the last figure of the number 
16.279, the new value becomes 16.28. 

Rule ITI. — In adding or subtracting a number of quantities, 
extend the significant figures in each term and in the sum or 
difference only to the point corresponding to that uncertain 
figure occurring farthest to the left relative to the decimal point. 

For example, the sum of the following three terms: 0.0121, 
25.64, and 1.05782, assuming the last figure in each to be un- 
certain, is 

0.01 


25.64 
1.06 


26.71 





Here it is seen that the second term has its first uncertain figure 
(the 4) in the hundredths place, the following figures being un- 
known. Hence it is useless to extend the digits of the other terms 
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beyond the hundredths place even though they are given to the 
ten thousandths place in the first term and to the hundred 
thousandths place in the third term. The third digit of the third 
term is increased by 1 in conformity with Rule II above. The 
fallacy of giving more than four significant figures in the sum 
may be shown by substituting « for each unknown figure. Thus, 


O.0121% 
25.04x%xx 
1.05782 
26.7 1xxx 


Rule IV. —In multiplication or division, the percentage pre- 
cision of the product or quotient cannot be greater than the 
percentage precision of the least precise factor entering into the 
computation. Hence, in computations involving multiplication 
or division, or both, retain as many significant figures in each 
factor and in the numerical result as are contained in the factor 
having the largest percentage deviation. In most cases, as many 
significant figures may be retained in each factor and in the result 
as are contained in the factor having the least number of signifi- 
cant figures. 

For example, the product of the three terms: 0.0121, 25.64, 
and 1.05782, assuming the last figure in each to be uncertain, is 


0.0121 * 25.6 X £60 —wia2G, 


for if the first term is assumed to have a possible variation of one 
in the last place, it has an actual deviation of one unit in every 


121 units, and its percentage deviation would be 228 100, = 
0.8. Similarly, the possible percentage deviation of the second 


I 
term would be aed X 100, = 0.04, and that of the third term 
d 








would be X 100, = 0.0009. The first term, having the 


105,782 


largest percentage deviation, therefore governs the number of 
significant figures which may be properly retained in the product, 
for the product cannot have a precision greater than 0.8 per 
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cent. That is, the product may vary by 0.8 parts in every 
hundred or by nearly three parts in every 328. The last figure 
in the product as expressed with three significant figures above 
is therefore doubtful and the proper number of significant figures 
has been retained. 

Rule V. — Computations involving a precision not greater than 
one-fourth of one per cent should be made with a 1o-inch slide 
rule. For greater precision, logarithm tables should be used. 
If the old style method of multiplication or division must be 
resorted to, reject all superfluous figures at each stage of the 
operation. 

Rule VI. — In carrying out the operations of multiplication or 
division by the use of logarithms, retain as many figures in the 
mantissa of the logarithm of each factor as are properly con- 
tained in the factors themselves under Rule IV. Thus, in solving 
the example given under Rule IV, the logarithms of the factors 
are expressed as follows: 


log 0.0121 = 8.083 — Io 
log 25.64 = 1.409 
log 1.05782 = 0.024 


9.516 — 10 = log 0.328 


In answering problems in this book, it may be assumed that 
the given data conform to Rule I, above. In problems involving 
such statements as “‘a 2-gram sample,” or “15 ml. of titrating 
reagent,” the precision obtainable with an ordinary chemical 
balance, buret, or other measuring apparatus is understood. 
Under such conditions, these values would be 2.0000 grams and 
15.00 ml. respectively, with the last figure uncertain in each case. 
Similarly, it may be assumed that the normality of a ‘‘tenth- 
normal solution” is known to a precision at least as great as that 
of the other factors involved. 

It should be remembered that the atomic weights of the 
elements are known only to a limited number of significant figures. 
The values ordinarily given in atomic weight tables conform to 
Rule I, above; that is, the last figure in each is usually doubtful. 
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It follows that the same attention must be paid to the reliability 
of the atomic and molecular weights in computations as to that of 
any other data. 

Precision of Analytical Operations. — The precision obtainable 
in an analytical procedure depends upon the homogeneity of the 
sample and upon the amount of the constituent being determined. 
Other effects being equal, the greater the amount of constituent 
present the greater the percentage precision obtainable. In any 
case, errors are invariably involved, as is true in nearly all precise 
scientific measurements. Such errors can be divided into the 
following groups: (1) instrumental errors, such as may be caused 
by using uncalibrated instruments; (2) personal errors, for ex- 
ample, errors in estimating tenths of subdivisions or shades of 
colors; (3) errors of method, as for example errors due to solubility 
of precipitates or contamination of precipitates by impurities; 
and (4) accidental or indeterminate errors, for example, errors in 
weighing or measuring due to fluctuations in temperature and to 
other effects not easily controlled. The maximum precision to be 
expected in ordinary analytical procedures is about one or two 
parts per thousand. This precision can ordinarily be obtained 
without difficulty in simple direct operations on homogeneous 
samples, as for example in the standardization of solutions. A 
somewhat lower precision can be expected in analyses of certain 
mixtures and natural products which may not be quite homo- 
geneous. 

In making weighings and measurements, the analyst should 
always obtain his numerical data to a degree of precision in 
keeping with the precision of the result desired or expected. 
For example, suppose a solution which is known to be approx- 
imately half-normal is to be standardized by direct titration 
against a weighed amount of a homogeneous solid, and the 
resulting normality is desired to a precision of one part per 
thousand. As will be seen later, normality is calculated from the 
formula: 

x Normality = grams of solid standard weighed 
; ml. of solution used X milliequivalent of standard 
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The milliequivalent of the standard is determined from the molec- 
ular weight of the compound used, and can usually be expressed 
to a precision of one part per thousand. In keeping with Rule 
IV above, the weight of the standard substance and the volume 
of the solution required must also be determined to a precision 
of one part per thousand. Now a so-ml. buret can ordinarily be 
read to an accuracy of about 0.02 ml. Hence 20 or more mil- 
_ liliters must be used to insure the desired precision. A weight of 
standard substance should therefore be taken so that the buret 
reading will be greater than 20 ml. Suppose a weight of approxi- 
mately one gram is used. Under ordinary loads a good analytical 
balance weighs to an accuracy of a tenth of a milligram, but in 
the above case it is necessary to weigh the one gram of solid only 
to the nearest milligram to obtain a precision of one part per 
thousand. Of course in a similar case, a 0.1 gram sample should 
be weighed to the nearest tenth of a milligram for the desired 
precision. 

Suppose, now, that a 5-gram sample of steel which is known to 
contain about 0.1 % of sulfur is to be analyzed volumetrically for 
the percentage of sulfur, and a precision of one part per hundred 
is required. (This is all that can be expected in this analysis 
because of the errors of the method itself.) The sample need be 
weighed only to the nearest 5 centigrams. Any greater care or 
accuracy in weighing adds nothing to the precision of the result. 
If the volume of solution used in the titration is about 10 ml., the 
buret need be read only to the nearest tenth of a milliliter. 

Most of the analyses given in this book, however, will require 
readings and weighings to the maximum precision of the instru- 
ment used. 


CHAPTER IV. 
THE ANALYTICAL BALANCE 


General Discussion. — For a complete discussion of the phys- 
ical principles underlying the construction and use of balances, 
and the various methods of weighing, the student is referred to 
larger manuals of quantitative analysis. 

The statements and rules of procedure which follow are suf- 
ficient for the intelligent use of an analytical balance in connec- 
tion with processes prescribed in this introductory manual. It 
is, however, imperative that the student should make himself 
familiar with these essential features of the balance, and its use. 
He should fully realize that the analytical balance is a delicate 
instrument which will render excellent service under careful treat- 
ment, but such treatment is an essential condition if its accuracy 
is to be depended upon. He should also understand that no set 
of rules, however complete, can do away with the necessity for 
a sense of personal responsibility, since by carelessness he can 
render inaccurate not only his own analyses, but those of all other 
students using the same balance. 

Before making any weighings the student should seat himself 
before a balance and observe the following details of construction 
(see Fig. 2): 

1. The balance case is mounted on three brass legs, which 
should preferably rest in glass cups, backed with rubber to pre- 
vent slipping. The front legs are adjustable as to height and are 
used to level the balance case; the rear leg is of permanent length. 

2. The front of the case may be raised to give access to the 
balance. In some makes doors are provided also at the ends of 
the balance case. 

3. The balance beam is mounted upon an upright in the center 


of the case on the top of which is an inlaid agate plate. To the 
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center of the beam there is attached a steel or agate knife-edge 
on which the beam oscillates when it rests on the agate plate. 

4. The balance beam, extending to the right and left, is gradu- 
ated along its upper edge, usually on both sides, and has at its 
extremities two agate or steel knife-edges from which are sus- 
pended stirrups. Each of these stirrups has an agate plate which, 
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when the balance is in action, rests upon the corresponding knife- 
edge of the beam. The balance pans are suspended from the 
stirrups. 

5. A pointer is attached to the center of the beam, and as the 
beam oscillates this pointer moves in front of a scale near the 
base of the post. 

6. At the base of the post, usually in the rear, is a spirit-level. 

7. Within the upright is a mechanism, controlled by a knob at 
the front of the balance case, which is so arranged as to raise the 
entire beam slightly above the level at which the knife-edges are 
in contact with the agate plates. When the balance is not in use 
the beam must be supported by this device, since otherwise the 
constant jarring to which a balance is inevitably subjected will 
soon dull the knife-edges and lessen the sensitiveness of the 
balance. 

8. A small weight, or bob, is attached to the pointer (or some- 
times to the beam) by which the center of gravity of the beam 
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and its attachments may be regulated. The center of gravity 
must lie very slightly below the level of the agate plates to secure 
the desired sensitiveness of the balance. This is provided for 
when the balance is set up, and very rarely requires alteration. 
The student should never attempt to change this adjustment. 

g. Below the balance pans are two pan-arrests operated by a 
button from the front of the case. These arrests exert a very 
slight upward pressure upon the pans and minimize the displace- 
ment of the beam when objects or weights are being placed upon 
the pans. 

1o. A movable rod, operated from one end of the balance case, 
extends over the balance beam and carries a small wire weight, 
called a rider. By means of this rod the rider can be placed upon 
any desired division of the scale on the balance beam. Each 
numbered division on the beam corresponds to one milligram, 
and the use of the rider obviates the placing of very small frac- 
tional weights on the balance pan. 

If a new rider is purchased, or an old one replaced, care must be 
taken that its weight corresponds to the graduations on the beam 
of the balance on which it is to be used. The weight of the rider 
in milligrams must be equal to the number of large divisions 
(5, 6, 10, or 12) between the central knife-edge and the knife- 
edge at the end of the beam. It should be noted that on some 
balances the last division bears no number. Each new rider 
should be tested by placing it on the 5- or 10-milligram division 
on the beam and balancing it with the corresponding weight on 
the left-hand pan. 

In some of the more recent forms of the balance a chain device 
replaces the smaller weights and the use of the rider as just 
described. Such a balance is called a chainomatic balance. The 
last figure of the reading is determined by means of a vernier at- 
tachment. 

Some balances, either of the rider type or the chainomatic 
type, are provided with an aluminum plate which is attached to 
one end of the beam and hangs between the poles of a powerful 
magnet. This brings about a damping effect and the beams of 
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such balances slowly and steadily come to an equilibrium position 
without oscillating. 

Before using a balance, it is always best to test its adjustment. 
This is absolutely necessary if the balance is used by several 
workers; it is always a wise precaution under any conditions. 
For this purpose, brush off the balance pans with a soft camel’s- 
hair brush. Then note (1) that the balance is level; (2) that the 
mechanism for raising and lowering the beam works smoothly; 
(3) that the pan-arrests touch the pans when the beam is lowered; 
and (4) that the needle swings equal distances on either side of 
the zero-point when set in motion without any load on the pans. 
If the latter condition is not fulfilled, the balance should be ad- 
justed by means of the adjusting screw at the end of the beam 
unless the variation is not more than one division on the scale; 
it is often better to make a proper allowance for this small zero 
error than to disturb the balance by an attempt at correction. 
Unless a student thoroughly understands the construction of a 
balance he should never attempt to make adjustments, but should 
apply to the instructor in charge. 

The object to be weighed should be placed on the left-hand 

balance pan and the weights upon the right-hand pan. Every 
substance which could attack the metal of the balance pan should 
be weighed upon a watch-glass, and all objects must be dry and 
at room temperature. A warm body gives rise to air currents 
which vitiate the accuracy of the weighing. 

The weights should be applied in the order in which they occur 
in the weight-box, beginning with the largest weight which is 
apparently required. After a weight has been placed upon the 
pan the beam should be lowered upon its knife-edge, and, if 
necessary, the pan-arrests depressed. The movement of the 
pointer will then indicate whether the weight applied is too great 
or too small. When the weight has been ascertained, by the 
successive addition of small weights, to the nearest 5 or ro milli- 
grams, the weighing is completed by the use of the rider. The 
correct weight is that which causes the pointer to swing an 
equal number of divisions to the right and left of the zero-point, 
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when the pointer traverses not less than five divisions on either 
side. 

The balance case should always be closed during the final 
weighing, while the rider is being used, to: protect the pans from 
the effect of air currents. 

Before the final determination of an exact weight the beam 
should always be lifted from the knife-edges and again lowered 
into place, as it frequently happens that the scale pans are, in 
spite of the pan-arrests, slightly twisted by the impact of the 
weights, the beam being thereby virtually lengthened or short- 
ened. Lifting the beam restores the proper alignment. 

The beam should never be set in motion by lowering it forcibly 
upon the knife-edges, nor by touching the pans, but rather by 
lifting the rider (unless the balance be provided with some of the 
newer devices for the purpose), and the swing should be arrested 
only when the needle approaches zero on the scale, otherwise 
the knife-edges become dull. For the same reason the beam 
should never be left upon its knife-edges, nor should weights 
be removed from or placed on the pans without supporting the 
beam, except in the case of the small fractional weights. 

When the process of weighing has been completed, the weight 
should be recorded in the notebook by first noting the vacant 
spaces in the weight-box, and then checking the weight by again 
noting the weights as they are removed from the pan. This 
practice will often detect and avoid errors. It is obvious that 
the weights should always be returned to their proper places in 
the box, and be handled only with bone-tipped forceps. 

It should be borne in mind that if the mechanism of a balance 
is deranged or if any substance is spilled upon the pans or in the 
balance case, the damage should be reported at once. In many 
instances serious harm can be averted by prompt action when 
delay might ruin the balance. 

Samples for analysis are sometimes weighed in small tubes 
with cork stoppers. Since the stoppers are likely to change in 
weight from the varying amounts of moisture absorbed from the 
atmosphere, it is necessary to confirm the recorded weight of a 
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tube which has been unused for some time before weighing out 
a new portion of substance from it. For this reason the use of 
tubes with ground glass stoppers (weighing tubes or weighing 
botiles) is recommended. 

Method of Swings. — The equilibrium point (or “‘zero point”’) 
of a balance is the position of the pointer on the scale when the 
balance beam comes to rest. In actual practice, however, except- 
_ ing when the balance is provided with a damping device, one does 

not wait for the oscillations of the balance beam to cease. On the 
contrary, the beam is purposely set swinging and the equilibrium 
point is estimated from the extremities of swing of the pointer. 
It will be found that, due to friction, each swing is somewhat 
shorter than the preceding one. For that reason, for very accurate 
work such as is required in the calibration of weights and in the 
determination of the sensitiveness of the balance, the following 
method is adopted. With no load on the pan set the beam in 
motion (by placing the rider on the beam for an instant and then 
removing it) so that the pointer swings over about 10 divisions 
on the scale. Take the average of three consecutive readings of 
the left-hand extremities of swing and the average of two con- 
secutive readings of the right-hand extremities of swing, and then 
find the mid-point of these two values. This is the equilibrium 
point of the balance under zero load. For example: 


— 5.6 





+ 5.8 


— §.2 —___—_—__» + 5.4 


— 4.7 
Average — 5.2 + 5.6 





Equilibrium point = + 0.2 (Note 1). 


When an object is being weighed, the beam is again allowed to 
swing (by removing the rider for an instant and then replacing 
it) and the readings taken and averaged as above. By repeatedly 
changing the position of the rider it is possible eventually to 


24 INTRODUCTION 


bring the balance to the same point of equilibrium, but if the 
sensitiveness (see below) of the balance is known, it is possible 
to calculate the proper position of the rider at the equilibrium 
point. For example, suppose an object weighing approximately 
ten grams is being weighed and the empty balance has an equi- 
librium point of + 0.2 as determined above, and the sensitive- 
ness of the balance under a 10-gram load is known to be 3.6 di- 
visions. Suppose that with the rider at 4.8 mgs. on the beam the 
equilibrium point of the balance is determined by the method of 
swings to be + 2.7 (i.e. 2.5 divisions too far to the right). Since 
1 milligram excess load corresponds to 3.6 divisions on the scale, 


the rider should be moved to the right = = 0.7 mg. or to 
3: 
5.5 mgs. on the beam. 


Note. —1. Many students find it less confusing to number the scale 
divisions with the zero at the extreme left. This avoids difficulty with 
the sign when the readings are all on one side of the center point. 


Sensitiveness of the Balance. — The sensitiveness (or sensitiv- 
ity or sensibility) of a balance is the tangent of the angle (a) 
through which the equilibrium position of the balance beam (or 
of the pointer) is displaced by an excess load (usually one milli- 
gram) on one of the pans. The angle is so small that for practical 
purposes the sensitiveness may be taken as the number of scale 
divisions through which the equilibrium position of the pointer 
is displaced by an excess load of one milligram on one of its pans. 

The sensitiveness of the balance varies directly with the length 
(J) of the balance arm, and with the weight (w) of the excess load 
used; it varies inversely with the weight (W) of the beam and 
with the distance (d) between the point of support and the 
center of gravity of the swinging portion of the balance: 


fan nee 
Se py 


For maximum sensitiveness the balance should have a long beam 
of light material and the center of gravity should be only slightly 
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below the knife-edge of the balance. Outside of the mechanical 
difficulties of making a long yet light beam of sufficient rigidity 
for heavy loads, a very sensitive balance has the disadvantage of 
slowness of swing. The two extremes are a slow-moving, sensitive 
balance, and a rapid balance of low sensitiveness. In general a 
balance should be as rapid as possible and yet have a sensitiveness 
well within the limit of precision required in the analyses for 
_ which the balance is used. Although under ideal conditions the 
sensitiveness of a balance is independent of the load on the pans, 
actually the sensitiveness decreases somewhat with increasing 
load. With a moderate load of say 10 grams on the pans, a 
precision of o.1 milligram in weighing is obtained if an excess 
load of 1 milligram displaces the equilibrium point of the pointer 
by 2 or 3 divisions on the scale. The sensitiveness of a balance 
can be changed by moving the small bob on the pointer. Raising 
the bob increases the sensitiveness. 

The student should determine the sensitiveness of his balance 
’ under zero load and under loads of 1 gram, 5 grams, 10 grams, 20 
grams, and so grams. By plotting sensitiveness (in scale divi- 
sions) against load and drawing a smooth curve through the 
points, a chart is obtained from which the sensitiveness of the 
balance under any given load can be read off directly. In making 
these determinations the equilibrium points should be determined 
by the method of swings as given above. 

Weights. — The set of weights commonly used in analytical 
chemistry ranges from 50 grams to 5 milligrams. The weights 
from 50 grams to 1 gram are usually of brass, lacquered or gold 
plated. The fractional weights are of German silver, gold, 
platinum, or aluminum. The rider is of platinum or aluminum 
wire. 

The better grade of analytical weights purchased from a 
reputable dealer are usually sufficiently accurate for ordinary 
work, but because of wear they should be checked against a set of 
standard calibrated weights at least once a year. Better still, 
they should be calibrated by a method similar to that given 
below. The following tolerances are acceptable for general 
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analytical work and are the specifications under which analytical 
weights are usually sold. 


Weight Tolerance 
50 gram “= 0.3 mg. 
20 0.2 
Io 0.2 
5 0.15 
2 0.15 
I 0.10 
500 mg. 0.10 
200 : 0.05 
100 0.05 
5° 0.04 
20 0.04 
10 0.03 
5 0.03 


Weights are inevitably subject to corrosion if not properly 
protected at all times, and are liable to damage unless handled 
with great care. It is obvious that anything which alters the 
weight of a single piece in an analytical set will introduce an error 
in every weighing made in which that piece is used. The only 
safeguard against such errors is to be found in scrupulous care in 
handling and protection on the part of the analyst, and an equal 
insistence that if several analysts use ‘the same set of weights, 
each shall realize his responsibility for the work of others as well 
as his own. 


CALIBRATION OF WEIGHTS — 

In the processes of quantitative analysis if the same set of 
weights is used, it makes no difference whether or not the masses 
of the weights are exactly as marked, provided they are in correct 
relative proportion. That is, it is only necessary that the mass of 
the “‘s-gram” weight be exactly one-half that of the “10-gram”’ 
weight, and that the other weights be similarly in proportion. 
Unfortunately, one cannot always be certain of this relationship 
even with the better grades of weights. Because of this, and 
because weights are subject to change in mass due to handling, 


it is advisable that any set of weights be calibrated at least once 
- a year. 
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Because of the fact that the arms of a balance may be slightly 
unequal in length, in the calibration of weights, weighings should 
be made by the method of substitution which practically eliminates 
any error from this source. Ordinarily the masses of objects A 
and B are compared by placing them on opposite pans of a 
balance. By the method of substitution, object A is placed on 
the left-hand pan and is balanced against a tare (which may be 
from an auxiliary set of weights) on the right-hand pan. A is 
removed and B is placed on the left-hand pan. If it exactly 
balances against the same tare, it has the same mass as A. If 
there is a slight difference, the change in position of the rider 
necessary to reéstablish equilibrium can be taken as a measure 
of the difference in mass. 

It is assumed that the set of weights consists of the following 
weights: 50,20, 10, 10, 5, 2, 2, ¥; «50, .20, £0, .10, .05, .02, .O1, .o1 
and that the balance uses a 12- or 10-mg. rider. The procedure 
can easily be modified to fit a short-arm balance or a different 
arrangement of weights. 

Procedure. — Procure extra weights of the following denom- 
inations: 10 mg., 100 mg., 1 g., and 10 g. These are denoted by 
the exponent ¢ in the following tabulation. The extra 10-gram 
weight should preferably be one the true value of which has been 
established by the Bureau of Standards. If this is not feasible, 
it should at least be a clean weight from a high-grade set which 
has been little used. This weight is to be taken as the standard, 
and unless it has been standardized, it should be assumed to 
have a value of exactly 10.0000 grams. Also procure an auxiliary 
complete set of weights to be used as tares. This set may be of 
inexpensive grade. The values of these tares do not enter into 
the calculations in any way. 

Place a small tare (a bit of paper or metal) of between 3 
and 5 milligrams on the left-hand pan and keep it there 
throughout the series of weighings. This makes it possible to 
have the rider on a convenient part of the balance beam. Another 
method is to place an auxiliary rider about half-way along the 
left-hand arm of the balance. 
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The methods of quantitative analysis are usually subdivided, 
according to their nature, into those of gravimetric analysis and 
volumetric analysis. In gravimetric processes the constituent to be 
determined is sometimes isolated in elementary form, but more 
commonly in the form of some compound possessing a well- 
established and definite composition, which can be readily and 
completely separated, and weighed either directly or after igni- 
tion. From the weight of this substance and its known com- 
position, the amount of the constituent in question is determined. 

In volumetric analysis, instead of weighing a definite body, a 
well-defined reaction is caused to take place, wherein the reagent 
is added from an apparatus so designed that the volume of the 
solution employed to complete the reaction can be accurately 
measured. The strength of this solution is accurately known, 
and the volume employed serves, therefore, as a measure of the 
substance acted upon. An example will make clear the dis- 
tinction between these two types of analysis. The percentage 
of chlorine in a sample of sodium chloride may be determined 
by dissolving a weighed amount of the chloride in dilute acid 
and precipitating the chloride ions as silver chloride, which is 
then separated by filtration, ignited, and weighed (a gravimetric 
process); or the sodium chloride may be'dissolved in dilute acid, 
and a solution of silver nitrate containing an accurately known 
amount of the silver salt in each milliliter may be cautiously 
added from a measuring device called a buret until precipitation 
is just complete, when the amount of chlorine may be calculated 
from the number of milliliters of the silver nitrate solution in- 
volved in the reaction (a volwmetric process). 

An elecirometric analysis is a volumetric process in which the 
completion of the reaction is indicated by electrical means rather 
than by the change of color of an indicator. 

Volumetric methods are generally more rapid, require less 
apparatus, and are frequently capable of greater accuracy than 
gravimetric methods. They are particularly useful when many 
determinations of the same sort are required. 

In addition to these divisions of quantitative analysis, there are 
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a number of physico-chemical methods which make use of special 
optical properties of certain substances. In a colorimetric analysis 
the substance to be determined is converted into some compound 
which imparts to its solutions a distinct color, the intensity of 
which must vary in direct proportion to the amount of the com- 
pound in the solution. Such solutions are compared with respect 
to depth of color with standard solutions containing known 
amounts of the colored compound, or of some other similar color- 
producing substance which has been found acceptable as a color 
standard. Colorimetric methods are, in general, restricted to the 
determinations of very small quantities, since only in dilute 
solutions are accurate comparisons of color possible. 

The polariscope measures the degree to which the plane of 
polarized light is rotated and is frequently used in the analysis 
of sugars which in solution are capable of causing such rotation. 
The turbidimeter and nephelometer measure the degree of turbidity 
of suspensions of semi-colloidal precipitates, and small amounts 
of certain substances can thus be quantitatively estimated. The 
spectroscope can be used for approximate quantitative measure- 
ments, and occasionally substances can be estimated from de- 
- terminations of such physical constants as specific gravity and 
index of refraction. 

Literature of Quantitative Analysis. — The methods of quan- 
titative analysis are so diversified and depend so much on the 
nature of the material under examination that only a relatively 
few typical and illustrative determinations can be included in a 
single laboratory manual. The analyst must frequently consult 
reference books or chemical periodicals for specific laboratory 
directions in the case of a great many of the analyses he makes. 
The following list contains some of the more common and useful 
reference books and larger textbooks on quantitative analysis. 
Most of them should, if possible, be made available to the student, 
and he should be encouraged to become familiar with the nature 
of their contents and to consult them frequently. The list is by 
no means a complete one, and in order to make it brief, preference 
has been given to modern works in the English language. 
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CHAPTER II » 
GENERAL DIRECTIONS FOR LABORATORY WORK 


The following paragraphs should be read carefully and thought- 
fully. A prime essential for success as an analyst is attention 
to details and the avoidance of all conditions which could destroy, 
or even lessen, confidence in the analyses when completed. The 
suggestions here given are the outcome of much experience, and 
their adoption will tend to insure permanently work of a high 
grade, while neglect of them will often lead to disappointment 
and loss of time. 

Accuracy and Economy of Time. — The fundamental concep- 
tion of quantitative analysis implies a necessity for all possible 
care in guarding against loss of material or the introduction of 
foreign matter. The laboratory desk, and all apparatus, should be 
scrupulously neat and clean at all times. A sponge should always 
be ready at hand, and desk and filter-stands should be kept dry 
and in good order. Funnels should never be allowed to drip upon 
the desk. Glassware should always be wiped with a clean, lintless 
towel just before use. All filters and solutions should be covered 
to protect them from dust, just as far as is practicable, and every 
drop of solution or particle of precipitate must be regarded as 
invaluable for the success of the analysis. 

An economical use of laboratory hours is best secured by 
acquiring a thorough knowledge of the character of the work to 
be done before undertaking it, and then by so arranging the work 
that no time shall be wasted during the evaporation of liquids 
and other time-consuming operations. To this end the student 
should read thoughtfully not only the entire procedure, but the 
explanatory notes as well, before any step is taken in the analysis. 
The explanatory notes furnish, in general, the reasons for par- 
ticular steps or precautions, but they also occasionally contain 
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details of manipulation not incorporated, for various reasons, in 
the procedure. These notes follow the procedures at frequent 
intervals, and the exact points to which they apply are indicated 
by references. The student should realize that a failure to study 
the notes will inevitably lead to mistakes, loss of tume, and an in- 
adequate understanding of the subject. 

All analyses should be made in duplicate, and in general a 
close agreement of results should be expected. It should, how- 
ever, be remembered that a close concordance of results in ‘‘check 
analyses” is not conclusive evidence of the accuracy of those 
results, although the probability of their accuracy is, of course, 
considerably enhanced. The satisfaction in obtaining “check 
results” in such analyses must never be allowed to interfere with 
the critical examination of the procedure employed, nor must 
they ever be regarded as in any measure a substitute for absolute 
truth and accuracy. 

In this connection it must also be emphasized that only the 
operator himself can know the whole history of an analysis, and 
only he can know whether his work is worthy of full confidence. 
No work should be continued for a moment after such confidence 
is lost, but should be resolutely discarded as soon as a cause 
for distrust is fully established. The student should, however, 
determine to put forth his best efforts in each analysis; it is well 
not to be too ready to condone failures and to “‘begin again,” 
as much time is lost in these fruitless attempts. 

Nothing less than absolute integrity is or can be demanded of a 
quantitative analyst, and any disregard of this principle, however 
slight, is as fatal to success as lack of chemical knowledge or 
inaptitude in manipulation can possibly be. 

Notebooks. — Notebooks should contain, beside the record of 
observations, descriptive notes. All records of weights should be 
placed upon the right-hand page, while that on the left is reserved 
for the notes, calculations of factors, or the amount of reagents 
required. 

The neat and systematic arrangement of the records of analyses 
is of the first importance, and is an evidence of careful work, and 
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an excellent credential. Of two notebooks in which the results 
may be, in fact, of equal value as legal evidence, that one which 
is neatly arranged will carry with it greater weight. 

All records should be dated, and all observations should be 
recorded at once in the notebook. The making of records upon 
loose paper is a practice to be deprecated, as is also that of copy- 
ing original entries into a second notebook. The student should 
accustom himself to orderly entries at the time of observation. 
Several sample pages of systematic records are to be found in 
the Appendix. These are based upon experience, but other 
arrangements, if clear and orderly, may prove equally service- 
able. The student is advised to follow the sample pages until he 
is in a position to plan out a system of his own. 

Reagents. — The habit of carefully testing reagents, including 
distilled water, cannot be acquired too early or practiced too 
constantly; for, in spite of all reasonable precautionary measures, 
inferior chemicals will occasionally find their way into the stock 
room, or errors will be made in filling reagent bottles. The student 
should remember that while there may be others who share the 
responsibility for the purity of materials in the laboratory of an 
institution, the responsibility will later be one which he must 
individually assume. 

The stoppers of reagent bottles should never be laid upon the 
desk, unless upon a clean watch-glass or paper. The neck and 
mouth of all such bottles should be kept scrupulously clean, and 
care taken that no confusion of stoppers occurs. 

In measuring out a liquid reagent, if more than the desired 
amount is poured out, it is best to discard the excess rather than 
to return it to the reagent bottle. 

Wash-Bottles. — Wash-bottles for distilled water should be 
made from flasks of about one liter capacity and be provided 
with gracefully bent tubes, which should not be too long. The 
jet should be connected with the tube entering the wash-bottle by 
a short piece of rubber tubing in such a way as to be flexible, and 
should deliver a stream about one millimeter in diameter. The 
neck of the flask may be wound with cord, or covered with wash- 
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leather, for greater comfort when hot water is used. Better still, 
a section of automobile radiator hose about 3} inches long may 
be used. The piece of hose should be 
slit down its length and can then be 
quickly slipped on or off the wash- 
bottle (Fig. 1). 

It is well to provide several small 
wash-bottles for liquids other than dis- 
tilled water. They should be clearly 
labeled. 

Transfer of Liquids. — Liquids 
should never be transferred from one 
vessel to another, nor to a filter, with- 
out the aid of a stirring rod held firmly against the side or lip 
of the vessel. When the vessel is provided with a lip it is not usu- 
ally necessary to use other means to prevent the loss of liquid by 
running down the side; whenever loss seems imminent a very thin 
layer of vaseline, applied with the finger to the edge of the vessel, 
will prevent it. The stirring rod down which the liquid runs 
should never be drawn upward in such a way as to allow the 
‘solution to collect on the under side of the rim or lip of a vessel. 

The number of transfers of liquids from one vessel to another 
during an analysis should be as small as possible to avoid the risk 
of slight losses. Each vessel must, of course, be completely 
washed to insure the transfer of all material; but it should be 
remembered that this can be accomplished better by the use of 
successive small portions of wash-water (perhaps 5-10 ml.), if 
each wash-water is allowed to drain away for a few seconds, than 
by the addition of large amounts which unnecessarily increase 
the volume of the solutions, causing loss of time in subsequent 
filtrations or evaporations. 

All stirring rods employed in quantitative analyses should be 
rounded at the ends by holding them in the flame of a burner 
until they begin to soften. If this is not done, the rods will 
scratch the inner surface of beakers, causing them to crack on 
subsequent heating. 
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Evaporation of Liquids. — The greatest care must be taken to 
prevent loss of solutions during processes of evaporation, either 
from too violent ebullition, from evaporation to dryness and spat- 
tering, or from the evolution of gas during the heating. In 
general, evaporation upon the steam bath is to be preferred to 
other methods on account of the impossibility of loss by spatter- 
ing. If the steam baths are well protected from dust, solutions 
should be left without covers during evaporation; but solutions 
which are boiled upon the hot plate, or from which gases are 
escaping, should invariably be covered. In any case a watch- 
glass may be supported above the vessel by means of a glass 
triangle, or other similar device, and the danger of loss of material 
or contamination by dust thus be avoided. It is obvious that 
evaporation is promoted by the use of vessels which admit of the 
exposure of a broad surface to the air. 

Liquids which contain suspended matter (precipitates) should 
always be cautiously heated, since the presence of the solid matter 
is frequently the occasion of violent “bumping,” with consequent 
risk to apparatus and analysis. 

Preparation of the Sample. — In most courses of instruction 
in quantitative analysis the samples. given out for student 
analysis are small in amount, finely ground, and practically 
homogeneous. In actual practice, however, the analyst is 
frequently called upon to determine the average composition of 
several pounds, sometimes even several tons, of material which 
may be far from homogeneous. To obtain from this the requisite 
small sample for actual laboratory analysis requires a great deal 
of careful work. The method of procedure varies somewhat with 
the nature, size, and homogeneity of the original material, and it 
is impossible to give set rules which are of general applicability. 
Experience and good judgment are of great value in such cases. 

If the material is in such large quantities that mixing is im- 
possible or impracticable, portions should be withdrawn from 
throughout the batch of material with the purpose of preparing a 
smaller, more easily handled sample, having the same average 
composition as the original. To accomplish this, the portions 
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should be taken at regular intervals throughout the entire mass 
of material and each should be of sufficient size to include a fair 
share of both the coarser and the finer particles. In most cases 
25 such portions totaling about 25 of the original weight are 
sufficient. In this way a half-ton of ore, for example, is reduced to 
a representative sample of 50 pounds which can then be handled 
quite readily. 

The coarser lumps of material should then be crushed to a 
smaller size, and the sample thoroughly mixed. The process of 
quartering should then be carried out. This consists in piling up 
the well-mixed material into a cone and dividing it into quarters. 
Opposite quarters are rejected, and the remaining half portion 
again treated as before, the coarser particles being broken up and 
the material thoroughly mixed between each quartering process. 
When the sample has been reduced to the weight of approximately 
a pound, the mixing can be accomplished most efficiently by the 
process of tabling. This consists in rolling the sample back and 
forth on a paper of half-newspaper size. Each of the four corners 
of the paper is lifted in turn so that the sample is always rolled 
at right angles to the direction it previously took. 

As the quartering proceeds, the sample eventually becomes 
sufficiently small to be ground in a mortar. In the case of miner- 
als and other hard and abrasive substances, an agate mortar and 
pestle should be used. Even then, when considerable grinding is 
required, appreciable amounts of impurities are introduced from 
the mortar. In general the grinding should proceed no further 
than to the point where the sample will dissolve within a reason- 
able time in the solvent to be used. In a few cases it is necessary 
to grind the sample to a point where it will pass through a silk 
bolting cloth. The finely ground sample is placed in a small lip- 
less beaker, the silk bolting cloth is fastened over the mouth of 
the beaker by means of a rubber band, and the sample is shaken 
through the cloth upon a sheet of glazed paper or into a larger 
dry beaker. Any residual powder should be ground until all of the 
sample has passed through the cloth. 
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Proper Retention of Significant Figures. — In any quantitative 
analysis certain numerical data are obtained and from them 
numerical results are calculated. The retention of the proper 
number of significant figures in the data and in the results ob- 
tained is a matter of considerable importance, for the number of 
significant figures used in expressing a given value should give at 
least an approximate indication of its precision. A numerical 
result expressed by fewer or more significant figures than are 
warranted by the various factors involved may give an impres- 
sion nearly as erroneous as would be given by a result which is 
entirely inaccurate. The following rules and explanations are 
from Hamilton and Simpson’s Calculations of Quantitative 
Chemical Analysis. 

A number is an expression of quantity. 

A figure, or digit, is any one of the characters: 0, 1, 2, 3, 4, 5, 6, 
7, 8, 9, which, alone or in combination, serve to express numbers. 

A significant figure is a digit which denotes the amount of 
the quantity in the place in which it stands. In the case of 
the number 243, the figures signify that there are two hundreds, 
four tens, and three units, and are therefore all significant. 
The character, 0, is used in two ways. It may be used as a 
significant figure, or it may be used merely to locate the decimal 
point. It is a significant figure when it indicates that the quantity 
in the place in which it stands is known to be nearer zero than to 
any other value. Thus, the weight of a crucible may be found to 
be 10.603 grams, in which case all five figures, including the zeros, 
are significant. If the weight in grams of the crucible were found 
to be 10.610, meaning that the weight as measured was nearer 


10.610 than 10.609 or 10.611, both zeros would be significant. 
I2 
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By analysis, the weight of the ash of a quantitative filter-paper 
is found to be 0.00003 gram. Here, none of the zeros are signifi- 
cant, but merely serve to show that the figure 3 belongs in the 
fifth place to the right of the decimal point. Any other characters 
except digits would serve the purpose as well. The same is true 
of the value 356,000 inches, when signifying the distance between 
two given points as measured by instruments which are accurate 
_ to three figures only. The zeros are not significant. 

Rule I. — Retain as many significant figures in a result and in 
data in general as will give only one uncertain figure. (For very 
accurate work involving lengthy computations, two uncertain 
figures may sometimes be retained.) Thus, the value 25.34, 
representing the reading of an ordinary buret, contains the proper 
number of significant figures, for the digit 4 is obtained by 
estimating an ungraduated scale division, and is doubtless 
uncertain. Another observer would perhaps give a slightly dif- 
ferent value for the buret reading — for example, 25.33 or 25.35. 
All four figures should be retained. 

Rule IIT.—TIn rejecting superfluous and inaccurate figures, 
increase by 1 the last figure retained if the following rejected 
figure is 5 or over. Thus, in rejecting the last figure of the number 
16.279, the new value becomes 16.28. 

Rule IIT. — In adding or subtracting a number of quantities, 
extend the significant figures in each term and in the sum or 
difference only to the point corresponding to that uncertain 
figure occurring farthest to the left relative to the decimal point. 

For example, the sum of the following three terms: 0.0121, 
25.64, and 1.05782, assuming the last figure in each to be un- 
certain, is 

0.01 


25.64 
1.06 


26.71 





Here it is seen that the second term has its first uncertain figure 
(the 4) in the hundredths place, the following figures being un- 
known. Hence it is useless to extend the digits of the other terms 
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beyond the hundredths place even though they are given to the 
ten thousandths place in the first term and to the hundred 
thousandths place in the third term. The third digit of the third 
term is increased by 1 in conformity with Rule II above. The 
fallacy of giving more than four significant figures in the sum 
may be shown by substituting « for each unknown figure. Thus, 


0.01 21% 
25.04%xx 

1.05782 
26.71xxx 


Rule IV. —In multiplication or division, the percentage pre- 
cision of the product or quotient cannot be greater than the 
percentage precision of the least precise factor entering into the 
computation. Hence, in computations involving multiplication 
or division, or both, retain as many significant figures in each 
factor and in the numerical result as are contained in the factor 
having the largest percentage deviation. In most cases, as many 
significant figures may be retained in each factor and in the result 
as are contained in the factor having the least number of signifi- 
cant figures. 

For example, the product of the three terms: 0.0121, 25.64, 
and 1.05782, assuming the last figure in each to be uncertain, is 


0.0121 X 25.6 X 1.06 = 0.328, 


for if the first term is assumed to have a possible variation of one 
in the last place, it has an actual deviation of one unit in every 


121 units, and its percentage deviation would be ae 100, = 
0.8. Similarly, the possible percentage deviation of the second 


I 
term would be a6; X I00, = 0.04, and that of the third term 
) 





I 


would De aaa X 100, = 0.0009. The first term, having the 


largest percentage deviation, therefore governs the number of 
significant figures which may be properly retained in the product, 
for the product cannot have a precision greater than 0.8 per 
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cent. That is, the product may vary by 0.8 parts in every 
hundred or by nearly three parts in every 328. The last figure 
in the product as expressed with three significant figures above 
is therefore doubtful and the proper number of significant figures 
has been retained. 

Rule V. — Computations involving a precision not greater than 
one-fourth of one per cent should be made with a 1o-inch slide 
-yule. For greater precision, logarithm tables should be used. 
If the old style method of multiplication or division must be 
resorted to, reject all superfluous figures at each stage of the 
operation. 

Rule VI. — In carrying out the operations of multiplication or 
division by the use of logarithms, retain as many figures in the 
mantissa of the logarithm of each factor as are properly con- 
tained in the factors themselves under Rule IV. Thus, in solving 
the example given under Rule IV, the logarithms of the factors 
are expressed as follows: 


log 0.0121 = 8.083 — Io 
log 25.64 = 1.409 
log 1.05782 = 0.024 
9.516 — 10 = log 0.328 


In answering problems in this book, it may be assumed that 
the given data conform to Rule I, above. In problems involving 
such statements as “‘a 2-gram sample,” or “15 ml. of titrating 
reagent,” the precision obtainable with an ordinary chemical 
balance, buret, or other measuring apparatus is understood. 
Under such conditions, these values would be 2.0000 grams and 
15.00 ml. respectively, with the last figure uncertain in each case. 
Similarly, it may be assumed that the normality of a ‘‘tenth- 
normal solution” is known to a precision at least as great as that 
of the other factors involved. 

It should be remembered that the atomic weights of the 
elements are known only to a limited number of significant figures. 
The values ordinarily given in atomic weight tables conform to 
Rule I, above; that is, the last figure in each is usually doubtful. 
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It follows that the same attention must be paid to the reliability 
of the atomic and molecular weights in computations as to that of 
any other data. 

Precision of Analytical Operations. — The precision obtainable 
in an analytical procedure depends upon the homogeneity of the 
sample and upon the amount of the constituent being determined. 
Other effects being equal, the greater the amount of constituent 
present the greater the percentage precision obtainable. In any 
case, errors are invariably involved, as is true in nearly all precise 
scientific measurements. Such errors can be divided into the 
following groups: (1) instrumental errors, such as may be caused 
by using uncalibrated instruments; (2) personal errors, for ex- 
ample, errors in estimating tenths of subdivisions or shades of 
colors; (3) errors of method, as for example errors due to solubility 
of precipitates or contamination of precipitates by impurities; 
and (4) accidental or indeterminate errors, for example, errors in 
weighing or measuring due to fluctuations in temperature and to 
other effects not easily controlled. The maximum precision to be 
expected in ordinary analytical procedures is about one or two 
parts per thousand. This precision can ordinarily be obtained 
without difficulty in simple direct operations on homogeneous 
samples, as for example in the standardization of solutions. A 
somewhat lower precision can be expected in analyses of certain 
mixtures and natural products which may not be quite homo- 
geneous. 

In making weighings and measurements, the analyst should 
always obtain his numerical data to a degree of precision in 
keeping with the precision of the result desired or expected. 
For example, suppose a solution which is known to be approx- 
imately half-normal is to be standardized by direct titration 
against a weighed amount of a homogeneous solid, and the 
resulting normality is desired to a precision of one part per 
thousand. As will be seen later, normality is calculated from the 
formula: 

x Normality = grams of solid standard weighed 
ml. of solution used X milliequivalent of standard 
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The milliequivalent of the standard is determined from the molec- 
ular weight of the compound used, and can usually be expressed 
to a precision of one part per thousand. In keeping with Rule 
IV above, the weight of the standard substance and the volume 
of the solution required must also be determined to a precision 
of one part per thousand. Now a so-ml. buret can ordinarily be 
read to an accuracy of about 0.02 ml. Hence 20 or more mil- 
_ liliters must be used to insure the desired precision. A weight of 
standard substance should therefore be taken so that the buret 
reading will be greater than 20 ml. Suppose a weight of approxi- 
mately one gram is used. Under ordinary loads a good analytical 
balance weighs to an accuracy of a tenth of a milligram, but in 
the above case it is necessary to weigh the one gram of solid only 
to the nearest milligram to obtain a precision of one part per 
thousand. Of course in a similar case, a 0.1 gram sample should 
be weighed to the nearest tenth of a milligram for the desired 
precision. 

Suppose, now, that a 5-gram sample of steel which is known to 
contain about o.1 % of sulfur is to be analyzed volumetrically for 
the percentage of sulfur, and a precision of one part per hundred 

is required. (This is all that can be expected in this analysis 
because of the errors of the method itself.) The sample need be 
weighed only to the nearest 5 centigrams. Any greater care or 
accuracy in weighing adds nothing to the precision of the result. 
If the volume of solution used in the titration is about 10 ml., the 
buret need be read only to the nearest tenth of a milliliter. 

Most of the analyses given in this book, however, will require 
readings and weighings to the maximum precision of the instru- 
ment used. 


CHAPTER IV.., 
THE ANALYTICAL BALANCE 


General Discussion. — For a complete discussion of the phys- 
ical principles underlying the construction and use of balances, 
and the various methods of weighing, the student is referred to 
larger manuals of quantitative analysis. 

The statements and rules of procedure which follow are suf- 
ficient for the intelligent use of an analytical balance in connec- 
tion with processes prescribed in this introductory manual. It 
is, however, imperative that the student should make himself 
familiar with these essential features of the balance, and its use. 
He should fully realize that the analytical balance is a delicate 
instrument which will render excellent service under careful treat- 
ment, but such treatment is an essential condition if its accuracy 
is to be depended upon. He should also understand that no set 
of rules, however complete, can do away with the necessity for 
a sense of personal responsibility, since by carelessness he can 
render inaccurate not only his own analyses, but those of all other 
students using the same balance. 

Before making any weighings the student should seat himself 
before a balance and observe the following details of construction 
(see Fig. 2): 

1. The balance case is mounted on three brass legs, which 
should preferably rest in glass cups, backed with rubber to pre- 
vent slipping. The front legs are adjustable as to height and are 
used to level the balance case; the rear leg is of permanent length. 

2. The front of the case may be raised to give access to the 
balance. In some makes doors are provided also at the ends of 
the balance case. 

3. The balance beam is mounted upon an upright in the center 


of the case on the top of which is an inlaid agate plate. To the 
i 18 
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center of the beam there is attached a steel or agate knife-edge 
on which the beam oscillates when it rests on the agate plate. 

4. The balance beam, extending to the right and left, is gradu- 
ated along its upper edge, usually on both sides, and has at its 
extremities two agate or steel knife-edges from which are sus- 
pended stirrups. Each of these stirrups has an agate plate which, 
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when the balance is in action, rests upon the corresponding knife- 
edge of the beam. The balance pans are suspended from the 
stirrups. 

5. A pointer is attached to the center of the beam, and as the 
beam oscillates this pointer moves in front of a scale near the 
base of the post. 

6. At the base of the post, usually in the rear, is a spirit-level. 

7. Within the upright is a mechanism, controlled by a knob at 
the front of the balance case, which is so arranged as to raise the 
entire beam slightly above the level at which the knife-edges are 
in contact with the agate plates. When the balance is not in use 
the beam must be supported by this device, since otherwise the 
constant jarring to which a balance is inevitably subjected will 
soon dull the knife-edges and lessen the sensitiveness of the 
balance. 

8. A small weight, or bob, is attached to the pointer (or some- 
times to the beam) by which the center of gravity of the beam 
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and its attachments may be regulated. The center of gravity 
must lie very slightly below the level of the agate plates to secure 
the desired sensitiveness of the balance. This is provided for 
when the balance is set up, and very rarely requires alteration. 
The student should never attempt to change this adjustment. 

9. Below the balance pans are two pan-arrests operated by a 
button from the front of the case. These arrests exert a very 
slight upward pressure upon the pans and minimize the displace- 
ment of the beam when objects or weights are being placed upon 
the pans. 

to. A movable rod, operated from one end of the balance case, 
extends over the balance beam and carries a small wire weight, 
called a rider. By means of this rod the rider can be placed upon 
any desired division of the scale on the balance beam. Each 
numbered division on the beam corresponds to one milligram, 
and the use of the rider obviates the placing of very small frac- 
tional weights on the balance pan. 

If a new rider is purchased, or an old one replaced, care must be 
taken that its weight corresponds to the graduations on the beam 
of the balance on which it is to be used. The weight of the rider 
in milligrams must be equal to the number of large divisions 
(5, 6, 10, or 12) between the central knife-edge and the knife- 
edge at the end of the beam. It should be noted that on some 
balances the last division bears no number. Each new rider 
should be tested by placing it on the 5- or 10-milligram division 
on the beam and balancing it with the corresponding weight on 
the left-hand pan. 

In some of the more recent forms of the balance a chain device 
replaces the smaller weights and the use of the rider as just 
described. Such a balance is called a chainomatic balance. The 
last figure of the reading is determined by means of a vernier at- 
tachment. 

Some balances, either of the rider type or the chainomatic 
type, are provided with an aluminum plate which is attached to 
one end of the beam and hangs between the poles of a powerful 
magnet. This brings about a damping effect and the beams of 
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such balances slowly and steadily come to an equilibrium position 
without oscillating. 

Before using a balance, it is always best to test its adjustment. 
This is absolutely necessary if the balance is used by several 
workers; it is always a wise precaution under any conditions. 
For this purpose, brush off the balance pans with a soft camel’s- 
hair brush. Then note (1) that the balance is level; (2) that the 
mechanism for raising and lowering the beam works smoothly; 
(3) that the pan-arrests touch the pans when the beam is lowered; 
and (4) that the needle swings equal distances on either side of 
the zero-point when set in motion without any load on the pans. 
If the latter condition is not fulfilled, the balance should be ad- 
justed by means of the adjusting screw at the end of the beam 
unless the variation is not more than one division on the scale; 
it is often better to make a proper allowance for this small zero 
error than to disturb the balance by an attempt at correction. 
Unless a student thoroughly understands the construction of a 
balance he should never attempt to make adjustments, but should 
apply to the instructor in charge. 

The object to be weighed should be placed on the left-hand 

balance pan and the weights upon the right-hand pan. Every 
substance which could attack the metal of the balance pan should 
be weighed upon a watch-glass, and all objects must be dry and 
at room temperature. A warm body gives rise to air currents 
which vitiate the accuracy of the weighing. 

The weights should be applied in the order in which they occur 
in the weight-box, beginning with the largest weight which is 
apparently required. After a weight has been placed upon the 
pan the beam should be lowered upon its knife-edge, and, if 
necessary, the pan-arrests depressed. The movement of the 
pointer will then indicate whether the weight applied is too great 
or too small. When the weight has been ascertained, by the 
successive addition of small weights, to the nearest 5 or 10 milli- 
grams, the weighing is completed by the use of the rider. The 
correct weight is that which causes the pointer to swing an 
equal number of divisions to the right and left of the zero-point, 
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when the pointer traverses not less than five divisions on either 
side. 

The balance case should always be closed during the final 
weighing, while the rider is being used, to.protect the pans from 
the effect of air currents. 

Before the final determination of an exact weight the beam 
should always be lifted from the knife-edges and again lowered 
into place, as it frequently happens that the scale pans are, in 
spite of the pan-arrests, slightly twisted by the impact of the 
weights, the beam being thereby virtually lengthened or short- 
ened. Lifting the beam restores the proper alignment. 

The beam should never be set in motion by lowering it forcibly 
upon the knife-edges, nor by touching the pans, but rather by 
lifting the rider (unless the balance be provided with some of the 
newer devices for the purpose), and the swing should be arrested 
only when the needle approaches zero on the scale, otherwise 
the knife-edges become dull. For the same reason the beam 
should never be left upon its knife-edges, nor should weights 
be removed from or placed on the pans without supporting the 
beam, except in the case of the small fractional weights. 

When the process of weighing has been completed, the weight 
should be recorded in the notebook by first noting the vacant 
spaces in the weight-box, and then checking the weight by again 
noting the weights as they are removed from the pan. This 
practice will often detect and avoid errors. It is obvious that 
the weights should always be returned to their proper places in 
the box, and be handled only with bone-tipped forceps. 

It should be borne in mind that if the mechanism of a balance 
is deranged or if any substance is spilled upon the pans or in the 
balance case, the damage should be reported at once. In many 
instances serious harm can be averted by prompt action when 
delay might ruin the balance. 

Samples for analysis are sometimes weighed in small tubes 
with cork stoppers. Since the stoppers are likely to change in 
weight from the varying amounts of moisture absorbed from the 
atmosphere, it is necessary to confirm the recorded weight of a 
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tube which has been unused for some time before weighing out 
a new portion of substance from it. For this reason the use of 
tubes with ground glass stoppers (weighing tubes or weighing 
bottles) is recommended. 
Method of Swings. — The equilibrium point (or “zero point”’) 
~ of a balance is the position of the pointer on the scale when the 
balance beam comes to rest. In actual practice, however, except- 
ing when the balance is provided with a damping device, one does 
not wait for the oscillations of the balance beam to cease. On the 
contrary, the beam is purposely set swinging and the equilibrium 
point is estimated from the extremities of swing of the pointer. 
It will be found that, due to friction, each swing is somewhat 
shorter than the preceding one. For that reason, for very accurate 
work such as is required in the calibration of weights and in the 
determination of the sensitiveness of the balance, the following 
method is adopted. With no load on the pan set the beam in 
motion (by placing the rider on the beam for an instant and then 
removing it) so that the pointer swings over about 10 divisions 
on the scale. Take the average of three consecutive readings of 
the left-hand extremities of swing and the average of two con- 
secutive readings of the right-hand extremities of swing, and then 
find the mid-point of these two values. This is the equilibrium 
point of the balance under zero load. For example: 





— 5.6 + 5.8 


— 5.2 ——______+ + 5.4 


— 4-7 
Average — 5.2 + 5.6 





Equilibrium point = + 0.2 (Note 1). 


When an object is being weighed, the beam is again allowed to 
swing (by removing the rider for an instant and then replacing 
it) and the readings taken and averaged as above. By repeatedly 
changing the position of the rider it is possible eventually to 
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bring the balance to the same point of equilibrium, but if the 
sensitiveness (see below) of the balance is known, it is possible 
to calculate the proper position of the rider at the equilibrium 
point. For example, suppose an object weighing approximately 
ten grams is being weighed and the empty balance has an equi- 
librium point of + 0.2 as determined above, and the sensitive- 
ness of the balance under a 10-gram load is known to be 3.6 di- 
visions. Suppose that with the rider at 4.8 mgs. on the beam the 
equilibrium point of the balance is determined by the method of 
swings to be + 2.7 (i.e. 2.5 divisions too far to the right). Since 
1 milligram excess load corresponds to 3.6 divisions on the scale, 


the rider should be moved to the right = = 0.7 mg. or to 
3 
5.5 mgs. on the beam. 


Note. —1. Many students find it less confusing to number the scale 
divisions with the zero at the extreme left. This avoids difficulty with 
the sign when the readings are all on one side of the center point. 


Sensitiveness of the Balance. — The sensitiveness (or sensitiv- 
ity or sensibility) of a balance is the tangent of the angle (a) 
through which the equilibrium position of the balance beam (or 
of the pointer) is displaced by an excess load (usually one milli- 
gram) on one of the pans. The angle is so small that for practical 
purposes the sensitiveness may be taken as the number of scale 
divisions through which the equilibrium position of the pointer 
is displaced by an excess load of one milligram on one of its pans. 

The sensitiveness of the balance varies directly with the length 
(7) of the balance arm, and with the weight (w) of the excess load 
used; it varies inversely with the weight (W) of the beam and 
with the distance (d) between the point of support and the 
center of gravity of the swinging portion of the balance: 


tal 
Wd 
For maximum sensitiveness the balance should have a long beam 
of light material and the center of gravity should be only slightly 


tana = 
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below the knife-edge of the balance. Outside of the mechanical 
difficulties of making a long yet light beam of sufficient rigidity 
for heavy loads, a very sensitive balance has the disadvantage of 
slowness of swing. The two extremes are a slow-moving, sensitive 
balance, and a rapid balance of low sensitiveness. In general a 
balance should be as rapid as possible and yet have a sensitiveness 
well within the limit of precision required in the analyses for 
_ which the balance is used. Although under ideal conditions the 
sensitiveness of a balance is independent of the load on the pans, 
actually the sensitiveness decreases somewhat with increasing 
load. With a moderate load of say 10 grams on the pans, a 
precision of o.1 milligram in weighing is obtained if an excess 
load of 1 milligram displaces the equilibrium point of the pointer 
by 2 or 3 divisions on the scale. The sensitiveness of a balance 
can be changed by moving the small bob on the pointer. Raising 
the bob increases the sensitiveness. 

The student should determine the sensitiveness of his balance 
’ under zero load and under loads of 1 gram, 5 grams, 10 grams, 20 
grams, and 50 grams. By plotting sensitiveness (in scale divi- 
sions) against load and drawing a smooth curve through the 
points, a chart is obtained from which the sensitiveness of the 
balance under any given load can be read off directly. In making 
these determinations the equilibrium points should be determined 
by the method of swings as given above. 

Weights. — The set of weights commonly used in analytical 
chemistry ranges from 50 grams to 5 milligrams. The weights 
from 50 grams to 1 gram are usually of brass, lacquered or gold 
plated. The fractional weights are of German silver, gold, 
platinum, or aluminum. The rider is of platinum or aluminum 
wire. 

The better grade of analytical weights purchased from a 
reputable dealer are usually sufficiently accurate for ordinary 
work, but because of wear they should be checked against a set of 
standard calibrated weights at least once a year. Better still, 
they should be calibrated by a method similar to that given 
below. The following tolerances are acceptable for general 
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analytical work and are the specifications under which analytical 
weights are usually sold. 


Weight Tolerance 
50 gram .. 0.3 mg. 
20 0.2 
10 0.2 
5 0.15 
2 0.15 
I 0.10 
500 mg. 0.10 
200 0.05 
100 0.05 
50 0.04 
20 0.04 
10 0.03 
5 0.03 


Weights are inevitably subject to corrosion if not properly 
protected at all times, and are liable to damage unless handled 
with great care. It is obvious that anything which alters the 
weight of a single piece in an analytical set will introduce an error 
in every weighing made in which that piece is used. The only 
safeguard against such errors is to be found in scrupulous care in 
handling and protection on the part of the analyst, and an equal 
insistence that if several analysts use the same set of weights, 
each shall realize his responsibility for the work of others as well 
as his own. é 
CALIBRATION OF WEIGHTS — 

In the processes of quantitative analysis if the same set of 
weights is used, it makes no difference whether or not the masses 
of the weights are exactly as marked, provided they are in correct 
relative proportion. That is, it is only necessary that the mass of 
the “5-gram” weight be exactly one-half that of the “‘10-gram”’ 
weight, and that the other weights be similarly in proportion. 
Unfortunately, one cannot always be certain of this relationship 
even with the better grades of weights. Because of this, and 
because weights are subject to change in mass due to handling, 
it is advisable that any set of weights be calibrated at least once 
a year. 
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Because of the fact that the arms of a balance may be slightly 
unequal in length, in the calibration of weights, weighings should 
be made by the method of substitution which practically eliminates 
any error from this source. Ordinarily the masses of objects A 
and B are compared by placing them on opposite pans of a 
balance. By the method of substitution, object A is placed on 
the left-hand pan and is balanced against a tare (which may be 
_ from an auxiliary set of weights) on the right-hand pan. A is 
removed and B is placed on the left-hand pan. If it exactly 
balances against the same tare, it has the same mass as A. If 
there is a slight difference, the change in position of the rider 
necessary to reéstablish equilibrium can be taken as a measure 
of the difference in mass. 

It is assumed that the set of weights consists of the following 
WEIGHTS: GO, 20, 10, 10, 5,2, 2, 1; .50, .20, .10, .10,.05, 02,01, .O1 
and that the balance uses a 12- or 10-mg. rider. The procedure 
can easily be modified to fit a short-arm balance or a different 
arrangement of weights. 

Procedure. — Procure extra weights of the following denom- 
inations: 10 mg., 100 mg., 1 g., and 10 g. These are denoted by 
the exponent e in the following tabulation. The extra 10-gram 
weight should preferably be one the true value of which has been 
established by the Bureau of Standards. If this is not feasible, 
it should at least be a clean weight from a high-grade set which 
has been little used. This weight is to be taken as the standard, 
and unless it has been standardized, it should be assumed to 
have a value of exactly 10.0000 grams. Also procure an auxiliary 
complete set of weights to be used as tares. This set may be of 
inexpensive grade. The values of these tares do not enter into 
the calculations in any way. 

Place a small tare (a bit of paper or metal) of between 3 
and 5 milligrams on the left-hand pan and keep it there 
throughout the series of weighings. This makes it possible to 
have the rider on a convenient part of the balance beam. Another 
method is to place an auxiliary rider about half-way along the 
left-hand arm of the balance. 
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It will be noted that there are several duplicate weights in the 
set. These should be marked (e.g. with the point of a needle) or 
some characteristic about them noted so that they can be dis- 
tinguished from each other. 

Place the .or-gram weight (which is temporarily assumed to 
have a value of exactly 0.0100 gram) on the left-hand pan and a 
tare of .or gram (from the auxiliary set) on the right-hand pan. 
Balance by means of the rider. Because of the small additional 
paper or metal tare on the left-hand pan or left-hand arm, the 
rider will be at some convenient position on the marked part of 
the beam, say at 3.1 mg. Remove the .o1-gram weight and re- 
place it with the other .o1-gram weight (.o1’). Using the same 
tares again balance by means of the rider. Suppose the latter is 
now at 3.3mg. The value of the .o1’ weight, relative to that of 
the temporary standard is 0.0102 gram. Replace with the extra 
.o1-gram weight (.01°). Suppose the position of the rider is now 
at 3.2. The .o1° weight, therefore, has a value of o.o101 gram. 

Now place the .o1 and the .or’ weights (plus the small paper or 
metal tare) on the left-hand pan and an approximate .o2-gram 
tare (from the auxiliary set) on the right-hand pan. Bring to 
equilibrium with the rider. Suppose the latter is at 3.2 on the 
beam. Replace the .o1 and .o1’ weights with the .o2-gram weight. 
Suppose the rider must be placed at 3.2 to obtain equilibrium. 
Since the true total value of the .o1 + .o1’ weights is 0.0100 + 
0.0102 = 0.0202 gram, the value of the .o2 weight must be 
0.0202 gram. The above data are shown in tabulated form in the 
accompanying table, together with illustrative data obtained as 
the calibration is continued. Each weight is balanced against 
the sum of smaller weights, the values of which have been previ- 
ously determined. 

Because of the small standard taken, it will usually be found 
that the larger weights have large correction factors. It is, 
therefore, more convenient to convert the values to a larger 
standard, namely the 10° weight. This weight is assumed to 
have a value of exactly 10.0000 grams (unless its true value has 
been determined). In the table it is seen that the value of this 
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weight (relative to the small standard) is 10.0918 grams. The 
5-gram weight should have been exactly one-half of this, or 
5.0459 grams. Actually it is 5.0458 grams or one-tenth of a 
milligram too light. Its true value is, therefore, 4.9999 grams and 
0.1 mg. should be subtracted from its face value whenever it is 
used to weigh an object. The other weights are converted to 
the 10’ standard in the same way and the corrections determined 
as shown in the table. In quantitative analysis these corrections 
should be applied in careful work or when the weights are of in- 
ferior quality. 

When several weights are used in weighing a given object, it 
is of course necessary to find and apply the algebraic sum of the 
several corrections involved to the sum of the face values. For 
example: | 
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Weights on pan Correction 
an LEO; + o.1 mg. 
Bs —o1 
I. + 0. 
2 + 0.3 
05 — 0.2 
OI —o.1 
rider at 3.2 
16.26 3 2 —F 0.1 


True weight = 16.2633 grams. 


In the case of short-beam balances requiring the use of a 5- 
milligram weight, the latter can be calibrated by comparing it 
(by the method of substitution) to another 5-milligram weight 
and the two together against the .o1-gram weight. The rider too 
should be checked against one of the standardized weights. 


EXPERIMENT IN WEIGHING 
Before beginning any work which involves the use of the 
analytical balance the student should have read carefully the 
foregoing discussions pertaining to it and should be thoroughly 
familiar with the construction and operation of the balance. 
If possible, a demonstration of the process of weighing should be 
given by the instructor. 
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TABLE I 
LR a a a a ee 
TRUE VALUES 
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SvALees Gh Rover || QouNet. | Rwer Weronts IN 

Face VALUES or WEIGHTS ON PAN | wricutson| at bn Counnen 4 
VALUE OF STANDARD) 

coe haa lee .O100 
.O1 .O100 oe : gee .O102 
.O1 .o100 | 3.1 s : .OIOI 
or + .o1’ .0202 a2 A ; .0202 
or + or’ + .o1* + .02 0505 3-4 Ff : 0503 
.or + .o1’ + .o1® + .02 + .05 -1008 ie 3 ; -IOII 
or + .o1’ + .o1% + .02 + .05 -1008 2g - ; -1009 
or + .o1’ + .o1% + .02 + .05 1008 otk E : -1005 
-10 + .10! -2020 es : hag -2021 
.10 + .10’ + .10% + .20 5046 eee : : 5045 
.I0 + .10’ + .10° + .20 + .50 1.0091 Ee F Nee 1.0093 
-10 + .10’ + .10¢ + .20 + .50 I.0091 bare : an I.0091 
1.0 + 1.0° 2.0184 3-5 101 : 2.0184 
F.O1-t- 1.00 2.0184 eee zl ee 2.0184 
1.0 + 2.0 + 2.0’ 5.0461 Nee ea 5.0458 
1.0 + 2.0 + 2.0’ + 5.0 10.0919 4.2 : 10.0919 
1.0 + 2.0 + 2.0’ + 5.0 10.0919 eee f oe 10.0917 
1.0 + 2.0 + 2.0’ + 5.0 10.0919 toe : ee: 10.0918 
10.0 + 10.0’ 20.1836 tet : es 20.1836 
10.0 + 10.0’ + 10.0% + 20.0 50.4590 tee 50.0 ee 50.4586 


Procedure. — Test the adjustment and sensitiveness of the bal- 
ance according to the directions above. Place upon the left-hand 
pan a series of small objects such as coins, crucibles, small flasks, 
etc., and weigh each accurately to the nearest tenth of a milligram. 
Record each weighing in the notebook and also record the time 
required to make each weighing. Continue until such a weighing 
‘can be made easily and quickly (at least within four minutes). 
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TABLE II 
F True VALUE ae Corre (rot ‘StANDARD) 
ACE VALUE |( o1-Gram STANDARD) OF te See (Mos) Cauene 
=10.0000 Gas.) 
.OI -O100 -OIOI —o.1 .0099 
.o1’ .O102 Patent st ncn Ree ny .OIOI 
ol? MERTOMMPS TEC aohreat hi were oT 
.02 .0202 .0202 0.0 0200 
05 .0503 .0505 — 0.2 .0498 
.10 -IOII 1009 =ta10;2 1002 
10’ 1009 1009 0.0 1000 
aLO? 
.20 -2021 .2018 10.3 +2003 
«50 -5045 -5046 ma OLT -4999 
1.0 1.0093 1.0092 + 0.1 1.0001 
TO" 
2.0 2.0184 2.0184 0.0 2.0000 
2.0' 2.0184 2.0184 0.0 2.0000 
5.0 5.0458 50459 — 0.1 4.9999 
10.0 10.0919 10.0918 0.1 10.0001 
10.0’ 10.0917 10.0918 —o.1 9.9999 
10.08 (10.0918) 
20.0 20.1836 20.1836 0.0 20.0000 
50.0 50.4586 50.4590 — 0-4 49-9996 


Also practice weighing out samples of powdered substances. 
For this purpose fill a weighing tube or weighing bottle with the 
substance to be weighed. Clean and dry carefully the outside 
of the tube, taking care to handle it as little as possible after 
wiping. Weigh the tube accurately to o.coor gram and record 
the weight in the notebook. Hold the tube over the top of a 
beaker and cautiously remove the stopper, making sure that no 
particles fall from it or from the tube elsewhere than in the 
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beaker. Pour from the tube a portion of the substance, letting 
it slide down the inside of the tilted beaker. Replace the stopper, 
still holding the tube over the beaker, and determine approxi- 
mately how much has been removed. Continue this procedure 
until 1.00 to 1.10 grams have been taken from the tube. Then 
weigh the tube accurately and record the weight under the first 
weight in the notebook. The difference between the two weights 
is the weight of the material transferred to the beaker. In the 
same way, proceed to transfer a second portion to another beaker. 
Continue until facility is acquired in making such weighings 
(Note 1). 

The latter process is to be used in all future analyses where 
directions cal]l simply for taking a “1-gram sample.” Such a 
statement implies weighing out accurately a weight of sample 
of approximately one gram. In a similar fashion other weights 
of sample can be taken (Note 2). 


Notes. —1. The student should appreciate the fact that the time 
spent in the early acquisition of a reasonable degree of skill in using 
a balance, weighing samples, and reading burets is more than com- 
pensated by the saving in time attained in future analyses. He should 
not be content to begin his analyses until he can perform these funda- 
mental operations quickly and accurately, 

2. Some analysts prefer to use a tared watch-glass or dish for the 
purpose of weighing out samples. Two small light watch-glasses 
can be made of equal weight by carefully grinding down the heavier 
by rubbing face down on emery paper. With one watch-glass on each 
balance pan the weights corresponding to the sample desired are 
placed on the watch-glass on the right-hand pan, and the substance 
is transferred to the other watch-glass by means of a small steel spatula. 
By adding and removing suitable small increments of sample it is 
possible to weigh out exactly 1.0000 gram of substance, or any other 
weight desired. Such a method of weighing simplifies calculations 
and has other advantages, but unless considerable time is spent in 
making the weighing it is usually of lower degree of precision. Taring 
a watch-glass or small dish against a small strip of lead or against 
a tube of sand (which can be hung on the stirrup hook at the top 
of the balance-pan brace) offers the same advantages and disadvantages. 


CHAPTER V 
LAW OF MASS ACTION 


General Discussion. — The law of mass action is usually dis- 
cussed more or less thoroughly in courses of instruction in quali- 
tative analysis, but since an understanding of this law is necessary 
in considering the underlying principles of acidimetric titrations, 
it would be well to review at this time this very important law. 
In simple terms the law may be expressed as follows: The rate of 
reaction between two interacting substances in a mixture is propor- 
tional to the product of the prevailing concentrations of the substances. 

Most of the reactions of quantitative analysis are reversible 
reactions. This means that the products of a given reaction 
interact, to some extent at least, to give the initial substances. 
Consider a general reversible reaction between substances A 
and B at a given temperature to give substances C and D accord- 
- ing to the equation: 


A+B2C+D. 


At the start of the reaction, only substances A and B are present. 
These react at a certain rate to give C and D and as the latter are 
produced, the concentrations of A and B decrease. According 
to the law of mass action, the rate of the reaction between A and 
B at any given moment is proportional to the prevailing con- 
centrations of A and B at that moment. In symbols this may be 
expressed as follows: 


Rate’ = k’ [A] [B] 


where A and B are the prevailing concentrations of A and B 
respectively, and k is a constant. As the concentrations of sub- 
stances C and D increase, these substances in turn react at a 
constantly increasing rate to produce A and B. The rate of this 
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reaction at any moment is likewise proportional to the product 
of the prevailing concentrations of C and D: 
Rate’ = k’’ [C] [D}. 
When equilibrium has been established; these two rates are 
equal. Hence: 
cD a Ea 
[A][B] k’ 

In the reaction A + 2B@2C+D, the rate of reaction be- 
tween A and B is proportional to the concentration of A and to 
the square of the concentration of B. Hence, at equilibrium: 

[C][D] _ 
[app ~ 
More generally, in the reaction wA + 4B +...2 yC + 
zD +... the equilibrium constant is expressed as follows: 
[CED ieee K. 
fAPIB Ee, 

A simple statement of this principle is as follows: In the case 
of a reversible reaction at a given temperature, when equilibrium 
has been established, the product of the concentrations of the 
substances produced (each concentration being raised to a power 
equal to the relative number of moles of that substance entering 
into the reaction) divided by the product of the concentrations 
of the initial substances (each concentration being similarly 
raised to a power equal to the relative number of moles of the 
substance entering into the reaction) is a constant at that temper- 
ature. It holds in a strict quantitative sense, however, only when 
the concentrations are relatively small. In mass action expres- 
sions, concentrations are ordinarily expressed in terms of moles 
per liter. 

Ionization Constant. — The ionization of a solute furnishes an 
excellent example of a reversible reaction. Consider an aqueous 
solution of ammonia. Besides water and dissolved ammonia, 
such a solution contains a small amount of ammonium and 
hydroxyl ions according to the reversible reaction: 


NH,OH 2 NH,+ + OH-. 
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At equilibrium, the concentrations of the three components are 
such that 

[NH,*+][OH-] ee 

"[NH,OH] ~ SN#0H: 


This is true in any solution containing aqueous ammonia. That 
is, the total concentration of ammonium ions, multiplied by the 
total concentration of the hydroxyl ion, divided by the con- 
centration of un-ionized ammonium hydroxide, is a constant. 
At 25°C. and when concentrations are expressed in terms of 
moles per liter, this constant has the value 1.75 X 107%. Such a 
constant, applying as it does to an ionization equilibrium, is 
usually given the name of ionization constant. 

Suppose a considerable amount of ammonium chloride (or 
other highly ionized ammonium salt) is added to an aqueous 
solution of ammonia. The total concentration of ammonium ions 
in this case becomes relatively large. As a result, the dissociation 
of ammonium hydroxide into ions is cut down very considerably, 
since the equilibrium constant must retain its value 1.75 X 107°. 
In such a solution the resulting hydroxyl-ion concentration is so 
small that the addition of a magnesium salt, for example, will 
- fail to precipitate the otherwise insoluble magnesium hydroxide. 

Solubility Product. — A more specific type of ionization con- 
stant is that which pertains to a saturated solution of an ionized 
substance, and it is this type of constant that is most important 
in gravimetric analysis where substances are precipitated from 
solution. Consider any solution of a very slightly soluble salt, 
like silver chloride. In solution, the salt is nearly completely 
ionized into silver ions and chloride ions: 


AgCl = Agt + Cl-. 
The ionization constant for this equilibrium would be expressed 
as: 
fAg* [Cl] 
[AgC]] 
Now, if we consider the special case of a saturated solution of sil- 
ver chloride, the concentration of the un-ionized silver chloride is 


a Kaga- 
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itself a constant and hence, in this case, the product of the concen- 
trations of the silver ions and the chloride ions is a constant: 
[Agt][Cl-] = K. 

Such a constant, applying as it does to a saturated solu- 
tion of a solute, is called a solubility product. In the case of 
silver chloride, its value at 25° C. is 1.0 X 10-. In the case of 
lead chloride the value at 25° C.is 2.4 X 10~*. That is, in any 
aqueous solution saturated at 25° C. with lead chloride (PbClz) 
the total concentration of lead ions multiplied by the square of 
the total concentration of chloride ions is 2.4 X 107*. 

In solving problems involving mass action constants, it is 
well to remember that such constants are usually not known to 
a precision great enough to warrant the retention of more than 
two or three significant figures. 


Example I.— From the fact that acetic acid (H2CH;0.2) is 1.3% 
ionized in 0.1 molar aqueous solution, calculate the ionization 
constant of acetic acid and its percentage ionization in 0.2 molar 
solution. What would be the hydrogen-ion concentration in a 
solution o.r molar in acetic acid and containing sufficient dis- 
solved sodium acetate to give a total acetate-ion concentration 
of 1.5 molar? 

Solution. — HC.H;0, 2 Ht + C.H;0.- 

[H*][C2H30.-] _ K 
[HC.H;0.] = SSHC:H202 





(oor3)(0or3) _ 1.8 X10 a, Aus. 
(.1 — .0013) 
Let « = hydrogen-ion concentration in 0.2 molar solution. 
Then ae = 1.8 X 10° 
.2—% 
x* = (1.8 X 107>).2 (approximately) 
% = 1.9 X 107-3 
—3 
no tc" X 100 = 0.95% ionized. Ans. 
+ 
[HA ](z.5) = 1.8 X 10% 
(-1) 


[H+] = 1.2 X 10° molar. Ans. 
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Example IT. — What is the solubility product of lead chloride 
if its solubility is 11 grams per liter? What is the solubility of 
lead phosphate if its solubility product is 1.5 x 10-22 How 
many grams of lead can remain dissolved in 500 ml. of a solution 
which is o.1 molar in phosphate ion? 


Solution. —PbCl, = Pbt+ + 2 Cl (ionization nearly complete) 
[Pbt+][Cl-]? = K 
II grams per liter = a = 0.0397 molar 
(.0397)(2 X .0397)? = 2.5 X 10-4. Ans. 
Pb3(PO.)2 = 3 Pbt++ + 2 POS (ionization nearly complete) 
[Pot (PO? -=-K 
Let « = solubility of Pbs(PO.,). in moles per liter. 
Then (20a (2) Seer eX TOs 
* = 1.7 X 107’moles per liter = 1.4 X 107* grams per liter. Ans. 
(Ppa eO sl = m5. 107” 
its (0.1) = 1 Se 10 
[Pb++] = 1.15 X 107” moles per liter 
= 1.2 X 10°gramsper 5ooml. Aus. 


PROBLEMS 


(For the ion-product constant of water refer to page 51 and for additional 
problems see page 60.) 

1. Phenol (carbolic acid) is a monobasic acid having an ionization con- 
stant at 25° C. of 1.3 X 10°, What is the hydrogen-ion concentration and 
the percentage ionization in 0.001 molar solution? 

Answer: 3.6 X 1077 molar; 0.036%. 

2. (a) If NH,OH at 25° C. is 0.95% ionized in 0.20 molar solution, what 
is its ionization constant and what is its percentage ionization in 0.50 molar 
solution? (6) How many grams of magnesium ions could remain dissolved 
in 100 ml. of a solution o.50 molar in NH.OH if the solubility product of 
magnesium hydroxide at 25° C. is 3.4 X 10°14? (c) If to a 0.10 molar solu- 
tion of NH,OH are added sufficient NH.Cl to make the total ammonium-ion 
concentration 0.80 molar, what would then be the hydroxyl-ion concentra- 
tion? (¢) How many grams of magnesium could remain dissolved in 100 ml. 
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of such a solution? (e) Calculate the molar solubility of Mg(OH). in water 
at 35°C, 
Answer: (a) 1.8 X 107*; 0.60%; (b)9.2 X 10% gram; (c) 2.2 
X 10% molar; (d) 17 grams}. (e) 2 X 10-4 molar. 

3. What is the solubility product of barium fluoride if 1.30 grams of 
BaF? dissolve in a liter? How many grams of barium could remain dissolved 
as a salt in 250 ml. of an aqueous solution containing 1.90 grams of fluoride 
ions? How many grams of fluoride ions could remain dissolved in a liter 
of a solution o.0r molar in. barium nitrate? 

Answer: 1.7 X 10° *; 3.60 X 10 4 gram; 0.25 gram. 

4. If at 25° C. 4.8 X 10°® grams of ferric hydroxide dissolve in a liter 
of water and if the solubility of magnesium hydroxide is 1.2 milligrams per 
100 ay (a) what is the solubility product-in each case? (b) How many 
grams of ferric ions and~how—many_grams-of magnesium-ions can remain 
dissolved in 500 ml. of a solution in which the hydrogen-ion concentration 
is 2 X 10° molar? 

Answer: (a) 1.1 X 107%; 3.4 X 107"; (6) 2.5 X 107! gram; 
17 grams. 

5. A liter of a slightly acid solution at 25° C. contains ferric ions. Strong 
alkali is added until the filtrate from the precipitate of ferric hydroxide 
contains only o.1 milligram of dissolved iron. What is the approximate 
molar concentration of hydrogen ions in this filtrate? Is the solution still 
acidic? How many grams of manganous-ions-could theoretically-remain 
dissolved in 500 ml..of-a-solution-of the same degree of acidity—without 
precipitating--as--hydroxide? Solubility product Fe(OH); = 1.1 X 107%, 
Solubility product Mn(OH), = 4.0 X 10714. 


Answer: 1.2 X 1074; yes; 1.5 X 10° grams. 


PART II 
VOLUMETRIC ANALYSIS 


CHAPTER VI 
GENERAL DIRECTIONS FOR VOLUMETRIC WORK 


‘Divisions of Volumetric Analysis. — The processes of volu- 
metric analysis are, in general, simpler than those of gravimetric 
analysis and accordingly serve best as an introduction to the 
practice of quantitative analysis. For their execution there are 
required, first, an accurate balance with which to weigh the 
material for analysis; second, graduated instruments in which to 
measure the volumes of the solutions employed; third, standard 
solutions, that is, solutions the concentrations of which are ac- 
~ curately known; and fourth, indicators, which will furnish 
accurate evidence of the point at which the desired reaction is 
completed. The nature of the indicators employed will be ex- 
_ plained in connection with the different analyses. 

The process whereby a standard solution is brought into 
reaction is called titration, and the point at which the reaction is 
exactly completed is called the end-point. The indicator should 
show the end-point of the titration. The volume of the standard 
solution used then furnishes the measure of the substance to be 
determined. 

The processes of volumetric analysis are easily classified, 
according to their character, into: 

I. Acidimetry and Alkalimetry, in which an acidic substance 
is titrated with a standard solution of an alkali (acidimetry) or a 
basic substance is titrated with a standard solution of an acid 
(alkalimetry). 
hat 39 
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II. Oxidation-Reduction Processes, in which a reducing sub- 
stance is titrated with a standard solution of an oxidizing agent, 
or an oxidizing substance is titrated with a standard solution of 
a reducing agent. 

III. Precipitation or Saturation Methods, in which a substance 
is titrated by precipitating it with a standard solution of a precip- 
itating agent. 

From a somewhat different standpoint the methods in each 
case may be subdivided into (a) Direct Methods, in which the 
substance to be measured is directly determined by titration 
to an end-point with a standard solution; and (b) Indirect 
Methods, in which the substance itself is not measured, but a — 
quantity of reagent is added which is known to be an excess with 
respect to a specific reaction, and the unused excess determined 
by titration. Examples of the latter class will be pointed out as 
they occur in the procedures. 

Burets. — A buret is made from a glass tube which is as uni- 
formly cylindrical as possible, and of such a bore that the divisions 
which are etched upon its surface shall correspond closely to 
actual contents. 

The tube is contracted at one extremity, and terminates in 
either a glass stopcock and delivery-tube, or in such a manner 
that a piece of rubber tubing may be firmly attached, connecting 
a delivery-tube of glass. The rubber tubing is closed by means 
of a glass bead. Burets of the latter type will be referred to as 
“plain burets.”’ 

The graduations are usually numbered in milliliters, and the 
latter are subdivided into tenths. 


One buret of each type may be used for the analytical pro- 
cedures which follow. 


PREPARATION OF A BURET FOR USE 


The inner surface of a buret must be thoroughly cleaned in 
order that the liquid as drawn out may drain away completely, 
without leaving drops upon the sides. This is best accomplished 
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by treating the inside of the buret with a warm solution of — 
chromic acid in concentrated sulfuric acid. 

Procedure. — If the buret is of the “‘plain” type, first remove 
the rubber tip and force the lower end of the buret into a medium- 
sized cork stopper. Nearly fill the buret with the chromic acid 
solution, close the upper end with a cork stopper, and tip the 
buret backward and forward in such a way as to bring the solu- 
tion into contact with the entire inner surface. Remove the 
stopper and pour the solution into a stock bottle to be kept for 
further use, and rinse out the buret with water several times. 
Unless the water then runs freely from the buret without leav- 
ing drops adhering to the sides, the process must be repeated 
(Note 1). 

If the buret has a glass stopcock, both it and the ground joint 
should be wiped after the cleaning. The surface of the stopcock 
should then be smeared with a thin coating of vaseline or stop- 
cock grease and replaced. It should be attached to the buret by 
means of a wire, or elastic band, to lessen the danger of breakage. 

Fill the burets with distilled water, and allow the water to run 
out through the stopcock or rubber tip until convinced that no 
air bubbles are inclosed (Note 2). Fill the buret to a point above 
the zero-point and draw off the water until the meniscus is just 
below that mark. It is then ready for calibration. 


Notes. —1. The inner surface of the buret must be absolutely clean 
if the liquid is to run off freely. Chromic acid in sulfuric acid is usu- 
ally found to be the most effective cleansing agent, but the mixture 
must be warm and concentrated. The solution can be prepared by 
pouring a little water over a few powdered crystals of potassium bi- 
chromate or sodium bichromate and then adding commercial sulfuric 
acid. 

A thoroughly cleaned buret can be kept in that condition by occa- 
sional treatments with a warm concentrated solution of tri-sodium 
phosphate. This is a milder treatment and is less harmful to the glass 
and etchings than the above chromic acid. 

2. It is always necessary to insure the absence of air bubbles in the 
tips or stopcocks. The treatment described above will usually accom- 
plish this, but, in the case of plain burets it is sometimes better to 
allow a little of the liquid to flow out of the tip while it is bent upwards. 
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Any air which may be entrapped then rises with the liquid and 
escapes. 

If air bubbles escape during subsequent calibration or titration, an 
error is introduced which vitiates the results... 


READING THE BURET 


All liquids when placed in a buret form what is called a meniscus 
at their upper surfaces. In the case of liquids such as water or 
aqueous solutions this meniscus is concave, and when the liquids 
are transparent accurate readings are best obtained by observing 
the position on the graduated scales of the lowest point of the 
meniscus. 

Procedure. — Wrap around the buret a piece of colored paper, 
the straight, smooth edges of which are held evenly together with 
the colored side next to the buret (Note 1). Hold the paper about 
two small divisions below the meniscus and raise or lower the 
level of the eyes until the edge of the paper at the back of the 
buret is just hidden from the eye by that in front (Note 2). 
Note the position of the lowest point of the curve of the meniscus, 
estimating the tenths of the small divisions, thus reading its 
position to hundredths of a milliliter. 

Notes. — 1. The ends of the colored paper used as an aid to accurate 
reading may be fastened together by means of a gummed label. The 
paper may then be left on the buret and be ready for immediate use 
by sliding it up or down, as required. 

2. To obtain an accurate reading the eye must be very nearly on a 
level with the meniscus. This is secured by the use of the paper as 
described. The student should observe by trial how a reading is af- 
fected when the meniscus is viewed from above or below. 

The eye soon becomes accustomed to estimating the tenths of the 
divisions. If the paper is held as directed, two divisions below the 
meniscus, one whole division is visible. It is not well to attempt to 
bring the meniscus exactly to a division mark on the buret. Such 


readings are usually less accurate than those in which the tenths of a 
division are estimated. 


Calibration of Glass Measuring Devices. — If accuracy of 
results is to be attained, the correctness of all measuring instru- 
ments must be tested. None of the apparatus offered for sale 
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can be implicitly relied upon except those more expensive instru- — 
ments which are accompanied by a certificate from the Bureau 
of Standards at Washington, or some other equally authentic 
source. 

The process of testing these instruments is called calibration. 
It is usually accomplished by comparing the actual weight of 
water contained in the instrument with its apparent volume. 

A liter is the volume occupied by 1 kilogram of water at the 
temperature of its maximum density (approximately 4° C.). 
A milliliter (ml.) is one-thousandth of a liter. A cubic centimeter 
(cc.) is the volume of a cube one centimeter on a side and is 
slightly less than a milliliter (Note 1). Since 4° C. is obviously too 
low a temperature for practical use and since the volume of a 
given weight of water changes with the temperature, as does the 
volume of the containing vessel, it is necessary to adopt a more 
convenient standard working temperature. The Bureau of Stand- 
ards has specified 20° C. as the normal temperature. 

To contain a true liter, then, a container must be so marked 
that at 20° C. its capacity will be equal to the volume of water 
which at 4° C. weighs 1 kilogram in vacuo. Practically all 
chemical glassware in this country is now calibrated according 
to this standard. When such apparatus is used at temperatures 
other than 20° C., a correction must be applied for accurate 
results, but with volumetric apparatus of less than too ml. 
content, used at temperatures within four or five degrees of 
20° C., neglect of this correction is of little consequence in 
ordinary analytical work. It is best to maintain reasonably 
uniform temperature in the laboratory, and correction factors 
should be applied when abnormal conditions prevail. Of all 
the factors involved in a change in working temperature, that of 
the change in the volume of the solution itself has the greatest 
effect and is usually the only one that need be corrected for. 
Data to be used for this purpose are given in the Appendix. 

Note. — 1. One liter contains 1000.027 cubic centimeters. The error 
involved in assuming a liter to be 1000 cubic centimeters is negligibly 
small. 
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CALIBRATION OF THE BURETS 


Two burets, at least one of which should have a glass stopcock, 
are required throughout the volumetric work. Both burets should 
be calibrated by the student to whom they are assigned. 

Procedure. — Weigh a 50 ml. flat-bottomed flask (preferably a 
light-weight flask), which must be dry on the outside, to the 
nearest centigram. Record the weight in the notebook. (See 
Appendix for suggestions as to records.) Place the flask under 
the buret and draw out into it about 10 ml. of water, removing 
any drop on the tip by touching it against the inside of the neck 
of the flask. Do not attempt to stop exactly at the 10 ml. mark, 
but do not vary more than o.1 ml. from it. Note the time, and 
at the expiration of one minute (or longer) read the buret ac- 
curately, and record the reading in the notebook (Note 1). 
Meanwhile weigh the flask and water to centigrams and record 
its weight (Note 2). Draw off the liquid from 10 ml. to about 
20 ml. into the same flask without emptying it; weigh, and at 
the expiration of one minute take the reading, and so on through- 
out the length of the buret. When this is completed, refill the 
buret and check the first calibration. 

The differences in buret readings represent the apparent vol- 
umes; the differences in weights divided by the density of water 
at the temperature of the water represent the true volumes. 
For example, if a certain amount of water at 20° C. has (according 
to the buret) an apparent volume of 10.05 ml. and is found to 


? 0.998 
the density of water at 20° C. is 0.998 (see Appendix). The 
error is 0.02 ml. That is, 0.02 ml. must be subtracted from a 
buret reading at or near the 10 ml. mark in order to obtain 
the true volume. 

From the average values obtained calculate the correction for 
each 10 ml. increment (Note 3). Next tabulate the total correction 
at the 10, 20, 30, 40, and 50 ml. marks. Thus, if the correction 
for the increment between o and 10 is — .o2 and between 10 





weigh 10.01 grams, its true volume is » = 10.03 ml., since 
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and 20 is — .o1, the total correction to be applied at the 20 ml. ~ 
mark is — .03. 

A convenient method of tabulating results is given in the 
Appendix. 

Plot the total corrections against the corresponding milliliters 
so that when the buret is filled to near the zero mark and its 
contents used in any titration the correction at any point on 
the buret can be estimated and applied. Total corrections may, 
also be written on the buret with a diamond or with hydro- 
fluoric acid for permanence of record. 

Burets may also be calibrated by drawing off the liquid in 
successive portions through a 5 ml. pipet which has been ac- 
curately calibrated, as a substitute for weighing. If many burets 
are to be tested, this is a more rapid method. 


Notes. — 1. A small quantity of liquid at first adheres to the side of 
even a clean buret. This slowly unites with the main body of liquid, 
but requires an appreciable time. One minute is a sufficient interval, 
but not too long, and should be adopted in every instance throughout 
the whole volumetric practice before final readings are recorded. 

2. A comparatively rough balance, capable of weighing to centi- 
grams, is sufficiently accurate for use in calibrations, for a moment’s 
reflection will show that it would be useless to weigh the water with 
an accuracy greater than that of the readings taken on the buret. 
The latter cannot exceed 0.01 ml. in accuracy, which corresponds to 
0.01 gram. 

The student should clearly understand that all other weighings, 
except those for calibration, should be made accurately to o.coor gram, 
unless special directions are given to the contrary. 

3. Should the error discovered in any interval of ro ml. on the buret 
exceed o.10 ml., it is advisable to weigh small portions (even 1 ml.) to 
locate the position of the variation of bore in the tube rather than to 
distribute the correction uniformly over the corresponding 1o ml. 


Pipets and Measuring Flasks. — A pipet usually consists of a 
narrow tube in the middle of which is a bulb with a capacity a 
little less than that indicated on the pipet. A line etched on the 
tube above the bulb denotes the level of the liquid when the 
pipet contains the specified volume. 


46 VOLUMETRIC ANALYSIS 


In using a pipet first be sure it is clean and dry and that 
droplets of solution will not adhere to the inside of the glass. 
Draw the solution into it by sucking at the upper end until the 
liquid is well above the graduation mark. Quickly place the 
forefinger over the top of the tube in order to hold the liquid in 
the pipet. Hold the pipet in a vertical position over a spare 
beaker and cautiously admit a little air by releasing the pres- 
sure of the finger and allow the level of the liquid to fall until 
the lowest point of the meniscus is at the graduation mark. 
Remove any hanging droplet of liquid by touching the tip to the 
side of the beaker and allow the contents of the pipet to run 
into the desired container. If the pipet is marked to deliver 
the specified volume (iransfer pipet), hold it constantly in a 
vertical position and after it has emptied, allow it to drain for 
thirty seconds and touch the tip of the pipet to the side of the 
receiving vessel at the surface of the liquid. The liquid remain- . 
ing in the tip should not be blown out. If the pipet is marked 
to contain the specified volume (measuring pipet), wash the 
drained pipet out with at least three separate portions of dis- 
tilled water. 

Measuring flasks are usually marked for content and not for 
delivery. Occasionally the stem of the flask bears two marks, 
the upper one for delivery and the lower one for content. Flasks 
used for delivery should be emptied by gradually inclining them 
until when the continuous stream has ceased they are nearly 
vertical. After half a minute in this position the mouth is brought 
in contact with the wet surface of the receiving vessel to remove 
the adhering drop. 


CALIBRATION OF PIPETS AND MEASURING FLASKS 


Procedure. — In order to calibrate a pipet for delivery, clean 
the pipet with cleaning solution, rinse and dry it carefully. 
Draw distilled water into it and run the water down to the 
graduation mark, removing any droplet hanging to the tip. 
Run the water into a small tared or weighed flask, allow to drain 
in a vertical position for half a minute, and touch the tip of the 
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pipet to the surface of the water in the flask. Weigh the flask 
and water and, as in the case of the calibration of a buret, 
from the weight of the water and its density, calculate the 
necessary correction. 

In order to calibrate a flask for contents, proceed as follows: 
Clean and dry the flask outside and inside. Weigh, and then fill 
with water to the graduation mark. With a piece of filter paper 
remove any adhering droplets above the mark and weigh again. 
Calculate the necessary correction as in the case of the pipet 
or buret. 

For more details and directions for calibrating and marking 
glass measuring apparatus and for correcting for expansion of 
glass and buoyancy of air which become important factors for 
larger volumes, the student should consult larger treatises on 
quantitative analysis. 

Tolerances of Volumetric Glassware. — The following toler- 
ances are acceptable for general analytical work and are the 
specifications under which the respective instruments are usually 
sold. 


e 


BURETS AND TRANSFER PIPETS 


Capacity Tolerance 
5 ml. = 0.01 ml. 
Io 0.02 
25 0.03 
5° 0.05 
100 0.08 
FLasks 
Tolerance 
Capacity (If to contain) (If to deliver) 
25 ml. =+ 0,03 ml. = 0,05 ml. 
50 0.05 0.10 
100 0.08 0.15 
250 O.1I 0.20 
500 0.15 0.30 
1000 0.30 0.50 


General Directions for Titrations. — It cannot be too strongly 
emphasized that for the success of analyses uniformity of prac- 
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tice must prevail throughout all volumetric work with respect 
to those factors which can influence the accuracy of the meas- 
urement of liquids. For example, whatever conditions are im- 
posed during the calibration of a buret, pipet, or flask (notably 
“the time allowed for draining), must also prevail whenever the 
flask or buret is used. 

The student should also be constantly watchful to insure 
parallel conditions during both standardization and analysis 
with respect to the final volume of liquid in which a titration 
takes place. The value of a standard solution is only accurate 
under the conditions which prevailed when it was standardized. 
It is plain that the standard solutions must be scrupulously 
protected from concentration or dilution, after their value has 
been established. Accordingly, great care must be taken to 
rinse out thoroughly all burets, flasks, etc., with the solutions 
which they are to contain, in order to remove all traces of water 
or other liquid which could act as a diluent. It is best to wash 
out a buret at least four times with small portions of a solution, 
allowing each to run out through the tip before assuming that 
the buret is in a condition to be filled and used. It is, of course, 
possible to dry measuring instruments in a hot closet, but this 
is tedious and usually unnecessary. 

To the same end, all solutions should be kept stoppered and 
away from direct sunlight or heat. The bottles should be shaken 
before use to collect any liquid which may have distilled from 
the solution and condensed on the sides. 

The student is again reminded that variations in temperature 
of volumetric solutions must be carefully noted, and care should 

-always be taken that no source of heat is sufficiently near the 
solutions to raise the temperature during use. 

Much time may be saved by estimating the approximate 
volume of a standard solution which will be required for a titra- 
tion (if the data are obtainable) before beginning the operation. 
It is then usually possible to run in rapidly approximately the 
required amount, after which it is only necessary to determine 
the end-point by continuing the titration slowly and carefully 
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with a few drops of titrating solution. In such cases, however, 
the knowledge of the approximate amount to be required should 
never be allowed to influence the judgment regarding the actual 
end-point. ; 

Standard Solutions. — The strength or value of a solution for 
a specific reaction is determined by a procedure called standardiza- 
tion, in which the solution is brought into reaction with a definite 
weight of a substance of known purity. For example, a definite 
weight of pure sodium carbonate may be dissolved in water, and 
the volume of a solution of hydrochloric acid to neutralize the 
carbonate accurately determined. From these data the strength 
or concentration of the acid can be calculated. It is then a 
standard solution. 

Molar Solutions. — In this book the term molar solution will 
be used to denote a solution containing one gram-molecular 
weight of solute in a liter of solution. Thus a one molar solution 
of sulfuric acid contains 98 grams of hydrogen sulfate per liter 
of solution. The term is abbreviated by the symbol M. In the 
case of mass-action expressions, the molar concentration of a 
substance is often expressed by enclosing the formula of the 
substance in brackets. 

Normal Solutions. — Standard solutions may be made of a 
purely empirical strength dictated solely by convenience of ma- 
nipulation, or the concentration may be chosen with reference 
to a system which is applicable to all solutions, and based upon 
chemical equivalents. Such solutions are called normal solutions 
and contain such an amount of the reacting substance per liter 
as is equivalent in its chemical action to 1.008 grams of hydrogen, 
or 8.000 grams of oxygen. Solutions containing one-half, one- 
tenth, or one one-hundredth of this quantity per liter are called, 
respectively, half-normal, tenth-normal, or hundredth-normal 
solutions. The symbol N is used to denote normality. 

Since normal solutions of various reagents are all referred to 
a common standard, they have an advantage not possessed by 
empirical solutions, namely, that they are exactly equivalent to 
each other. Thus, a liter of a normal solution of an acid will 
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exactly neutralize a liter of a normal alkali solution, and a liter 
of a normal oxidizing solution will exactly react with a liter of a 
normal reducing solution, and so on. 

Besides the advantage of uniformity, the use of normal solu- 
tions simplifies the calculations of the results of analyses. This 
is particularly true if, in connection with the normal solution, 
the weight of substance for analysis is chosen with reference to 
the atomic or molecular weight of the constituent to be deter- 
mined. 

The preparation of an exactly normal, half-normal, or tenth- 
normal solution requires considerable time and care. It is 
usually carried out only when a large number of analyses are to 
be made, or when the analyst has some other specific purpose in 
view. It is, however, a comparatively easy matter to prepare 
standard solutions which differ but slightly from the normal or 
half-normal solution, and these have the advantage of practical 
equality; that is, two approximately half-normal solutions are 
more convenient to work with than two which are widely differ- 
ent in strength. It is, however, true that some of the advantage 
which pertains to the use of normal solutions as regards simplicity 
of calculations is lost when using these approximate solutions. 

The application of these general statements will be made clear 
in connection with the use of normal solutions in the various 
types of volumetric processes which follow. 


CHAPTER VII 
NEUTRALIZATION METHODS 


Indicators. — In the neutralization processes which are em- 
ployed in the measurement of alkalies (alkalimetry) or acids 
(acidimetry), the end-point of the reaction should be the point 
where acid or base have been added in amounts equivalent to 
the alkali or acid being neutralized. Expressed in terms of an 
ionic reaction, an acidimetric or alkalimetric process is simply 
one in which hydrogen ions unite with hydroxyl ions to form 
water: 


(a) H+ + OH- — H.O. 


It is important to appreciate the fact that in any aqueous solu- 
tion there are present both hydrogen ions and hydroxyl ions. 
At 25° C. these ions are always present in such concentrations 
that the product of these concentrations (expressed in moles 
per liter) has a value close to 1 X 107": 


(b) (H-VOH-f=1 <-ro>* (ats25> C.). 


In o.o1-molar sodium hydroxide solution the hydroxyl-ion con- 
centration is approximately 10-*. The hydrogen-ion concentra- 
tion in such a solution is therefore approximately 10~1”. In pure 
water and hence in strictly neutral solutions these concentrations 
are each 107". 

When the concentration of the hydrogen ion in a solution 
is expressed in terms of a negative power of 10, that power 
(without the negative sign) is called the pH value of the solution. 
Thus, pure water has a pH value of 7 since the concentration 
of hydrogen ions is 1o-’. The pH value of a solution at 2 ce aan 
which the hydroxyl-ion concentration is 1o~* (and hence the 
hydrogen-ion concentration is 107") is 11. 

51 
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L 


ek ithe a eee + 
(c) pH = log concn. H+ ions log [H*]. 
Similarly 
I ws zy 
(d) pOH = log concn. OH- ions == log [OH i 


From equation (b) it follows that in any aqueous solution at 
o6 Ce: 
(e) pH + pOH = 14. 


The purpose of an indicator is to mark (usually by a change of 
color) the point at which just enough of the titrating solution 
has been added to complete the chemical change which it is 
intended to bring about. 

Substances which can be employed as acidimetric indicators 
are usually organic compounds of complex structure and are 
closely allied to the dyestuffs in character. There are a great 
many such substances, but only a few are used in ordinary an- 
alytical work. The indicators in most common use for acid and 
alkali titrations are methyl orange, methyl red, litmus, and 
phenolphthalein. Indicators are usually in themselves either 
weak acids (e.g. phenolphthalein) or weak bases (e.g. methyl 
orange) and the change in color which they undergo can be at- 
tributed to the fact that the arrangement of the atoms in their 
molecules is somewhat different from the arrangement of the 
atoms in the molecules of their corresponding salts. 

It must not be supposed that indicators change color when 
the solution is neutral (7.e. pH = 7). On the contrary such is 
rarely the case. What is true is that with a given concentration 
of indicator and at a definite temperature the color change takes 
place at a point where the hydrogen-ion concentration in the 
solution has attained a definite value which is characteristic of 
the indicator in question. Certain indicators change color when 
the solution is quite strongly acidic; others when the solution is 
quite strongly basic. Furthermore, a certain range of acid con- 
centration must be covered before a given indicator is completely 
changed from one shade of color to another. This is shown in 
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the accompanying table which lists a few of the more common 
indicators. For example, a dilute solution of methyl orange is 
yellow when the acidity of the solution is less than that cor- 
responding to an approximate hydrogen-ion concentration of 
1o-! (pH = 4). As the acidity is increased, the solution turns 
to an intermediate orange shade, and a definite pink color is 
not obtained until the hydrogen-ion concentration is about 1Oz¢, 


Example I. — What is the pH value of a dilute acetic acid 
solution at 25° C. having a hydrogen-ion concentration of 
2.5 X 10-4 moles per liter? What color would be given to the 
solution by a drop of phenolphthalein? Methyl red? Thymol 
blue? 


Solution. — pH = log rie 


{oo 
~ 8 35 X10 
log 4 + log 10** 
.60 + 3 

3.60 Ans. 


 Phenolphthalein = colorless; methyl red = red; thymol blue = 
yellow. 


Example IT. — An alkaline solution at a5° C. has a pOH 
value of 5.3. What is the hydrogen-ion concentration of the 
solution? How many grams of ferric ions could remain dissolved 
in sco ml. of this solution? (Solubility product of Fe(OH); 
=hTit X.107°°) 


Solution. — pOH = 5.3 
pH = 8.7 
(= 10% 
= 10" X 10, 
= 2.0 X 10~* moles/liter. Ans. 
[OH-] = 5.0 X 10° moles/liter 


[Fet++][OH-]* = 1.1 X 1078 
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£15107" 
ers (Si XeI0n)* 
= 8.8 X 10-7! moles/liter 
= 88 x 10-77 & 4 xX SOS 
= 2.5 X 107” grams/5o0 ml. Ans. 

Change of Hydrogen-Ion Concentration during Titration. — In 
order to use indicators intelligently, it is necessary to under- 
stand just how the hydrogen-ion concentration or the pH value 
of a solution changes in the neutralization of ; 

A. a strong acid with a strong base, and vice versa, 

B. a weak acid with a strong base, 

C. a weak base with a strong acid, 

D. a weak acid with a weak base, and vice versa. 

Case A. — Suppose 20 ml. of N/2 hydrochloric acid are diluted 
to 100 ml. with water and the solution titrated with N/2 sodium 
hydroxide. At the beginning of the titration the hydrogen-ion 
concentration is approximately 10-1 (or pH = 1). As the alkali 
is added, the hydrogen-ion concentration decreases (pH value 
increases) and as the equivalence point (20 ml.) is approached, 
the change becomes very rapid. At exactly the equivalence point 
(z.e. when acid and alkali have been added in equivalent amounts) 
the solution contains only sodium chloride and water and its 
pH value is 7. As the equivalence point is passed, the solution 
contains excess alkali and the pH value increases rapidly to 
about 12. The results obtained by calculating pH values at dif- 
ferent points in this titration are plotted in Fig. 3 (Curve @ @). 

The corresponding pH values for the titration of N/2 sodium 
hydroxide with N/2 hydrochloric acid are shown in Curve ® ®. 

In titrations of this class, therefore, the equivalence point is 
also the neutral point, and pH = 7. Theoretically, the indicator 
to be used is one that changes color at about pH = 7 (e.g. litmus, 
phenol red, or bromthymol blue). 

Actually, as can be seen from the diagram, the change in the 
hydrogen-ion concentration at the equivalence point is so rapid 
that any indicator with a color change range between pH = 3.5 
and pH = 10.5 would be suitable. Phenolphthalein, methyl 
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orange, and methyl red are most often used in such titrations. 

Case B.— Let us now follow the changes in hydrogen-ion 
concentration during a titration of 20 ml. of N/2 acetic acid 
(diluted to 100 ml.) with N/2 sodium hydroxide. In this case, 











/2 SOLUTION DILUTED |TO100 ML. AND TITRATED WITH|N/2 SOLUTION 
oe ae 
© 1HC2H30 pad 






My 





LITMUS 


ML, TITRATING SOLUTION ——> 
Fic. 3 


the hydrogen-ion concentration at the start is less than before, 
since acetic acid is less ionized than hydrochloric acid. It can 
be calculated from the ionization constant of acetic acid yee 
at 25° C. is 1.86 X 107, thus: 
HC.H;30, <= + C.H;0.- 
+ — 
[H*][C2H3027] = Ka = 1.86 x 07> 





[HC.H;0.] 
See ears ols” 
OI — x 
x = 1.36 X 1073 = [H+] 
h = lop Se ee eee 
whence pH = log 6 2:87 


Similarly from this ionization constant can be calculated the 
pH values during the progress of the titration. Plotting these 
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values gives Curve © © in the diagram. The equivalence point — 
is reached when 20 ml. of the alkali have been added. The re- 
sulting solution contains 10 millimoles of sodium acetate in 
120 ml., or is 0.0833 molar in sodium acetate. Such a solution 
would not be neutral but would be slightly alkaline due to the 
hydrolysis of the salt: 
NaC.H;0, + H.O @ NaOH + HC2H302 
or C,H3;0.— + H,O — Ora + HC,H30O>. 


This equivalence point is the most important point in the 
titration curve, for the end-point of the titration should cor- 
respond to it. That is, an indicator should be chosen which will 
change color at a pH value approximately equal to the pH value 
at the equivalence point. Now the pH value at the equivalence 
point in the titration of amy weak acid with a strong base can 
be found from the general formula: 

pH = — 3log Kw — 3 log Ka + 3 logC 
where Kw is the ion-product constant of water, namely 107! 
at 25° C., Ka is the ionization constant of the acid, and C is 
the molar concentration of the salt produced at the equivalence 
point. 

The derivation of this formula is comparatively simple. Con- 
sidering the case of acetic acid above, we saw that the hydrolysis 
of sodium acetate is represented as follows: 


C.H;0.- + H.O @ OH- + HC:H;02. 
The mass action constant for this equilibrium is 
[OH-][HC2H;05] 
[CoH302-] 
This expression is also obtained by dividing the ion-product con- 
stant of water, [H+][OH-] = Kw, by the ionization constant of 
acetic acid, 


= K, 


[H+][CoH3027] _ 


[EIGsEO3s) 9 
[OH-[HC:H;0.] _ Kw. 


Hence eIesHIOs| ee Re 
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But since in the above hydrolysis equilibrium, [OH-] = 
[HC2H;0.], and the acetate-ion concentration is that of the 
concentration, C, of the salt at the equivalence point, 
ee 
[CeH;02.-] Ka 


[OH] = ce 





Kw 
and since [Ht] ‘= [OH] 
K 
[H+] = = ; 
; Ic —s 
Ka 
Now since pH = — log [H+] 
pH = — (log Kw — } log C — 3 log Kw + 3 log Ka) 


= — }log Kw — 3 log Ka + 3 log C. 


Applying this formula to the case at hand, Kw = 107, 
Ka = 1.86 X 10-5, and C = 0.0833. 


Hence pH =7+ 473 - 0.54 
= 8.83. 


This is point C on the titration curve. 

The common indicator suitable for this titration is phenol- 
phthalein which changes color at approximately this point. The 
inflection of the curve is not so great as in the previous case and 
it can be seen from the diagram that the use of an indicator like 
methyl orange would lead to erroneous results. The change of 
color would be gradual and the indicator end-point would occur 
considerably before the true equivalence point. 

Case C. — The titration of a weak base with a strong acid is 
illustrated by the titration of 20 ml. of N/2 ammonium hydroxide 
(diluted with water to 100 ml.) with N/2 hydrochloric acid. 
The pH value at the beginning of the titration can be calculated 
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in a way similar to that of the preceding case namely, from the 
ionization constant of ammonium hydroxide: 


[NH*][OH] 


meron a 


Hence the hydroxyl-ion concentration is Vo.1 X Kb (= 1.32 
X 107) and the pH value is 11.12. Similarly from this ionization 
constant can be calculated the pH values during the progress 
of the titration. Plotting these values gives Curve ® ©. The 
equivalence point is reached when 20 ml. of the acid have been 
added and the resulting solution is 0.0833 molar in ammonium 
chloride. Such a solution would be slightly acidic due to hydroly- 
sis: 


NH,Cl + H.O = HCl + NH,OH 
or NH.t + H.O = Ht + NH.OH. 


The pH value at the equivalence point in the titration of any 
weak base with a strong acid can be found from the general 
formula: 


pH = — 4log Kw + 4 log Kb — 3 log C. 


Where Kw is the ion-product constant of water (= 1 X 107"), 
Kb is the ionization constant of the base, and C is the molar 
concentration of the salt produced at the equivalence point. 
The derivation of this formula is analogous to that of the pre- 
ceding case. 

Applying this formula to the case at hand, Kw = 10%, 
Kb = 1.75 X 107, and C = 0.0833. 


ehcp ade 
Hence pia + 0.54 
= 5.16, 


This is point D on the titration curve. 

The common indicator suitable for this titration is methyl red 
which changes color at approximately this point. From the 
diagram it can be seen that the use of an indicator like phenol- 
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phthalein would lead to erroneous results. The change of color 
would be gradual and the indicator end-point would occur 
considerably before the true equivalence point. 

Case D. — The titration of a weak acid, like acetic acid, with 
a weak base, like ammonium hydroxide, gives a curve like that 
of © @ in the diagram. The titration of a weak base with a 
weak acid gives Curve ® ®. Such titrations are of little prac- 
tical value, for, as seen from the curves, there is no sharp in- 
flection at the equivalence point and no indicator will give a 
sudden change of color at this point. Titrations of this type are 
seldom made in volumetric analysis, but, if necessary, the pH 
value at the equivalence point can be calculated from the fol- 
lowing formula: 


pH = — 3 log Kw — 3 log Ka + # log Kb. 


In the discussion of the four types of titration and in the 
calculations involved, certain simplifying assumptions have been 
made, namely, that the strong acids and bases are 100 per cent 
ionized and that the salt produced has no influence on these 
ionizations. Since the solutions under consideration are very 
dilute no serious error is introduced by ‘such assumptions. For 
more accurate results the activities of the ions are used in place 
of concentrations. 


PROBLEMS 


‘ 6. What is the hydrogen-ion concentration of a solution which has a 
pOH value of 6.20? What-coler-would-be-given-to-the-solution-by_a_drop- 
-of-phenolphthalein?methyl-red? Answer: 1.58 X 1078. 

| 7. What is the pH value of a dilute aqueous solution of an acid in which 
the hydroxyl-ion concentration is 3 X 10 moles/liter? What~common- 

-indieators-would-change-color-at-approximately-this-point? 

- Answer: 6.48. 
8. Derive the general formula for calculating the pH value at the equiv- 
alence point in the titration of a weak base like NH,OH with an acid 
like HCl. 
9. What would be the pH value at the equivalence point in the titration 
of 400 ml. of a solution containing 10.0 ml. of 0.300 N NH,OH with N/10 
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HCl? Ionization constant of NH,OH = 1.75 X 10-®. What indicator is 
best suited for this titration? Answer: 5.70; methyl red. 


V 10. The solubility of ferric hydroxide is 4.5 X 107! moles per liter. What 
is its solubility product? By adding NH.OH to an acid solution o.1 molar 
in ferric ions, what pH value must be reached before a precipitate is obtained? 
Answer: 1.5 X% 10-8; 2.35. 
11. Methyl amine, CH;NHp, corresponds to a molecule of NH; in which 
one hydrogen is replaced by the methyl group, CH3. Like ammonia it is 
basic, and very soluble in water. It has an ionization constant of 5 X 10-4, 
and can be determined by titration with acid. What is the pH value and 
the hydroxyl-ion concentration at the equivalence point in the titration 
of 100 ml. of a tenth molar aqueous solution of methyl amine with N/4 HCl? 
What indicator should be used? 
Answer: 5.92; 8.3 X 10°; methyl red. 
12. Formic acid is a monobasic acid with the formula HCOOH. It is 
4.6% ionized into H+ and COOH in tenth molar aqueous solution at 25° C. 
Calculate the ionization constant of formic acid. If a 25 ml. pipetful of an 
aqueous N/4 solution of formic acid is diluted to 200 ml. and titrated with 
N/3 NaOH, what would be the pH value and the hydrogen-ion concentra- 
tion at the equivalence point? What indicator would be suitable for this 
titration? Answer: 2.13 X 1074; 8.06; 8.7 X 10°; cresol red. 
13. Derive the general formula for calculating the pH value at the equiva- 
lence point in the titration of a weak acid like acetic acid with a weak base 
~ jike ammonium hydroxide. 


CHAPTER VIII: 
ALKALIMETRY AND ACIDIMETRY 


General Discussion. — Standard acid solutions are usually pre- 
pared from hydrochloric acid, although nitric, sulfuric, and oxalic 
acids are occasionally used. The last two have the advantage of 
being non-volatile in case the solution to which they are added 
must be boiled. 

Standard alkaline solutions are usually prepared from sodium 
hydroxide, although potassium hydroxide and barium hydroxide 
are occasionally used. 

In any case, the choice of solution depends upon the nature of 
the substance to be titrated and upon the other substances 
present. 

The standardization of a solution of acid is usually accom- 
plished by determining experimentally the volume of the acid 
which is equivalent to a known weight of pure basic substance. 
Similarly the standardization of a solution of an alkali is usually 
made by determining experimentally the volume equivalent to a 
known weight of a pure acid. 


PREPARATION OF SOLUTIONS TO BE STANDARDIZED 


Hydrochloric Acid and Sodium H ydroxide. Approximate 
Strength, 0.5 N 


Procedure. — Measure out 60 ml. of concentrated, pure hydro- 
chloric acid into a clean 2-liter bottle, and dilute with distilled 
water to an approximate volume of 1500 ml. Shake the solution 
vigorously for a full minute to insure uniformity (Note 1). 

Weigh out, upon a rough balance, 35 grams of sodium hydrox- 
ide (Note 2). Dissolve the hydroxide in water in a beaker. Pour 
the solution into a 2-liter bottle and dilute, as above, to ap- 
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proximately 1500 ml. This bottle should preferably have a 
rubber stopper, as the hydroxide solution attacks the glass of 
the ground joint of a glass stopper, and may cement the stopper 
to the bottle. Shake the solution as described above. 

Notes. — 1. The original solutions are prepared of a strength greater 
than o.5 N, as they are more readily diluted than strengthened if later 
adjustment is desired, for example if it is desired to bring the solution 
to exactly 0.5000 N and thus simplify subsequent calculations. 

Too much care cannot be taken to insure perfect uniformity of solu- 
tions before standardization, and thoroughness in this respect will, as 
stated, often avoid much waste of time. A solution once thoroughly 
mixed remains uniform. 

2. Commercial sodium hydroxide is usually impure and always con- 
tains more or less carbonate; an allowance is therefore made for this 
impurity by placing the weight taken at 35 grams per 13 liters. If the 
hydroxide is known to be pure, a lesser amount (say 31 grams) will 
suffice. 


COMPARISON OF ACID AND ALKALI SOLUTIONS 


Procedure. — Rinse a previously calibrated buret at least four 
times with the hydrochloric acid solution, using 10 ml. each time, 
and allowing the liquid to run out through the tip to displace all 
_ water and air from that part of the buret. Then fill the buret 
with the acid solution. Carry out the same procedure with a 
second buret, using the sodium hydroxide solution (Note 1). 

The acid solution may be placed in a plain or in a glass-stop- 
pered buret as may be more convenient, but the alkaline solution 
should never be allowed to remain long in a glass-stoppered 
buret, as it tends to cement the stopper to the buret, rendering 
it useless. It is preferable to use a plain buret for this solution. 
If alkali is used in a glass-stoppered buret, the buret, the stopcock, 
and the stopcock cavity should be thoroughly washed out at the 
conclusion of the laboratory period. 

When the burets are ready for use and all air bubbles dis- 
placed from the tip, note the exact position of the liquid in each, 
and record the readings in the notebook. Arrange the data es- 
sentially as shown in the Appendix. Run out from the buret 
into a small beaker (or flask) about 40 ml. of the acid and add 
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two drops of a solution of methyl orange; dilute the acid to about 
80 ml. and run out alkali solution from the other buret, stirring 
constantly with a stirring rod, until the pink has given place to 
yellow. If a flask is used, do not use a stirring rod but gently 
rotate the flask during the titration. Wash down the sides of the 
beaker or flask with a little distilled water if the solution has 
spattered upon them, return the beaker to the acid buret, and 
add acid to restore the pink; continue these alternations until the 
point is accurately fixed, at which a single small drop of either 
solution serves to produce a distinct change of color. Select as 
the final end-point the appearance of the faintest pink tinge 
which can be recognized, or the disappearance of this tinge, 
leaving a pure yellow; but always titrate to the same point 
(Note 2). Wait at least one minute for the buret to drain, then 
take the final reading and record in the notebook. 

Refill the burets and repeat the titration. From the records 
of calibration already obtained, correct the buret readings and 
make corrections for temperature, if necessary. Obtain the ratio 
of the sodium hydroxide solution to that of hydrochloric acid by 
dividing the number of milliliters of acid used by the number of 
milliliters of alkali required for neutralization. The check results 
of the two titrations should not vary by more than two parts in 
one thousand (Note 3). If the variation in results is greater than 
this, refill the burets and repeat the titration until satisfactory 
values are obtained. Use a new page in the notebook for each 
titration. Inaccurate values should not be erased or discarded. 
They should be retained and marked “correct” or “incorrect,” 
as indicated by the final outcome of the titrations. This custom 
should be rigidly followed in all analytical work. 

Notes. — 1. Great care must be exercised to prevent dilution or 
evaporation of a solution to be used in a titration. A buret which has 
previously been rinsed still has a film of water on its inner surface 
which must be removed either by complete drying or by the method 


indicated. The same precautions in filling the burets must be used in 
all subsequent work. 


2. The end-point should be chosen exactly at the point of change; 
any darker tint is unsatisfactory, since it is impossible to carry shades 
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of color in the memory and to duplicate them from day to day. To that 
end illumination should preferably be that of natural daylight, and the 
beaker or flask should be viewed against a white background. 

3. The student should appreciate the distinction between the terms 
two parts per thousand and two parts in the thousandths decimal place. 
The values 0.5010 and 0.5020 differ by about two parts per thousand 
(i.e. by 10 parts in about five thousand), but they differ by one in the 
thousandths decimal place. 


STOICHIOMETRY 


In analytical chemistry it is customary to express concentra- 
tions of solutions in terms of the normal solution. A normal 
solution is one that contains one equivalent weight expressed in 
grams (one gram-equivalent weight) of dissolved substance per 
liter of solution, or one gram-milliequivalent weight per milliliter. 
A gram-equivalent weight of a substance acting as an acid is that 
number of grams of the substance which in a neutralization 
process furnishes one gram-atom (1.008 grams) of replaceable 
hydrogen. For example, 36.46 grams is the gram-equivalent 
weight of HCl, since this amount of the acid furnishes in a 
neutralization process one gram-atom of hydrogen. A normal 
- solution of hydrochloric acid therefore contains 36.46 grams of 
HCI in a liter of solution, or 0.03646 gram (one gram-milli- 
equivalent weight) per milliliter. The gram-molecular weight of 
H.SO, is 98.08 grams. The gram-equivalent weight is one-half 
of this value, or 49.04 grams, since this amount furnishes one 
gram-atom of replaceable hydrogen in a neutralization process. 
A normal solution contains 49.04 grams of H.SO, per liter of 
solution and is half-molar. 

A normal alkali solution also contains one gram-equivalent 
weight per liter of solution, or one gram-milliequivalent weight 
per milliliter. In this case, a gram-equivalent weight is that 
weight in grams of substance which will neutralize one gram- 
atom (1.008 grams) of hydrogen in an acid. This quantity is 
- represented by the molecular weight in grams (40.01 grams) of 
sodium hydroxide (NaOH), but by one-half of the gram-molec- 
ular weight of barium hydroxide (Ba(OH)2) or of sodium car- 
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bonate (Na2CO;). A normal solution of sodium hydroxide 

contains 40.01 grams of the solid NaOH per liter; a normal 
3 ; ._ Ba(OH). 

solution of barium hydroxide contains Pelaeeet 85.69 grams 

of the solid Ba(OH): per liter; a normal solution of sodium car- 


CO; 





Na , 
bonate contains ———» = 53-00 grams of Na2COs per liter. 


Since a normal solution contains one milliequivalent weight 
in grams of substance per milliliter of solution, it follows that 
the number of gram-milliequivalents of substance present in a 
given volume of solution is represented by the product obtained 
by multiplying the number of milliliters of solution by the 
normality: 

ml. X N = number of gram-milliequivalents. 


One milliequivalent of any acid will neutralize one milliequivalent 
of any base; or more generally, when any acid (A) exactly 
neutralizes any base (B), the number of gram-milliequivalents 
of the two substances involved must be equal: 


mls X Na = mlz <a. 


Example I. — How many milliliters of 0.2000 normal (also ex- 
N 
pressed by 0.2000 N, or N/s5, or - , or $ N) hydrochloric acid, 


and how many milliliters of 0.2000 N sulfuric acid can be 
neutralized by 20.00 ml. of 0.1500 N sodium hydroxide? 


Solution. — Let x = ml. of acid neutralized. 

Number of gm.-milliequivalents of acid = x X 0.2000 

Number of gm.-milliequivalents of base neutralized = 20.00 X 
0.1500 


% X 0.2000 = 20.00 X 0.1500 
% = 15.00 ml. in both cases. Ans. 


It is occasionally desirable to determine the exact volume to 
which a solution of known normality must be diluted in order to 
prepare a solution of known lesser normality. 
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Example IT. —To what volume must 1600 ml. of a 0.2050 N 
solution be diluted in order that the resulting solution shall be 
0.2000 NP 


Solution. —'The number of gm.-milliequivalents present in 
the original solution is 1600 X 0.2050 = 328.0. After dilution 
to x ml. the same number of gm.-milliequivalents of substance 
must still be present. 


Hence, x X 0.2000 = 328.0 
x= 1640oml. Ans. 


A similar type of problem is that of determining the volume 
of solution of known normality to be added to a solution of 
another known normality in order that the resulting solution 
shall be of given intermediate normality. 


Example III. — How many milliliters of 0.3200 N HCl must 
be added to 100 ml. of 0.1000 N H2SO, in order that the resulting 
solution shall be 0.1200 N as an acid? 


Solution. — Number of gm.-milliequivalents present in 100 
_ ml. of 0.1000 N H2SO4 = 100 X 0.1000. 

Number of gm.-milliequivalents present after adding x ml. of 
0.3200 N HCl = (x X 0.3200) + (100 X 0.1000). 

The number of gm.-milliequivalents per ml. is 


(x X 0.3200) + (100 X 0.1000) | 
100 + x 


But since the resulting solution is 0.1200 N, the number of 
gm.-milliequivalents per ml. must be 0.1200. 


(% X 0.3200) + (100 X 0.1000) 
100 + x 


= 0.1200 


% = 10.00ml. Ans. 


PROBLEMS 


14. How many grams of each of the following substances constitute the 
gram-equivalent weight as an acid, assuming complete neutralization in 
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each case: (a) HNO:; (b) KHSO.; (c) H2SO3; (d) SOs; (e) POs; 
(f) H2C204 + 2 H20 (oxalic acid); (g) HC2H3O2 (acetic acid)? 
Answer: (a) 63.02 grams; (b) 136.2 grams; (c) 41.04 grams; 
(d) 40.03 grams; (e) 23.68 grams; (f) 63.03 grams; 
(g) 60.03 grams. 

15. What is the milliequivalent weight of each of the following substances 
acting as bases? Assume complete neutralization in each case: (a) Ca(OH)2; 
(6) BaO; (c) KHCO3; (d) Na2O; (e) Na2O2; (f) ZnO; (g) CaCOs. 

Answer: (a) 0.03704; (0) 0.07668; (c) 0.1001; (d) 0.03100; 
(€) 0.03900; (f) 0.0406; (g) 0.05004. 

16. A given solution contains 0.1063 gram-equivalents of hydrochloric 

acid in 976 ml. What is its normal value? Answer: 0.1089 N. 


17. A sample of aqueous hydrochloric acid has a specific gravity of 1.12 
and contains 23.81 per cent hydrochloric acid by weight. Calculate the 
grams and the milliequivalents of hydrochloric acid (HCl) in each milliliter 
of the aqueous acid. Answer: 0.2667 gram; 7.314 milliequivalents. 


18. Convert 42.75 ml. of 0.5162 normal hydrochloric acid to the equivalent 
volume of normal hydrochloric acid. Answer: 22.07 ml. 


1g. A solution containing 25.27 ml. of 0.1065 normal hydrochloric acid 
is added to one containing 92.21 ml. of 0.5431 normal sulfuric acid and 
50 ml. of exactly normal potassium hydroxide is added from a pipet. Is 
the solution acid or alkaline? How many milliliters of N/1o acid or alkali 
must be added to neutralize the solution? 


Answer: 27.6 ml. alkali (solution is acid). 
20. By experiment the normal value of a sulfuric acid solution is found 
to be 0.5172. Of this acid 39.65 ml. are exactly equivalent to 21.74 ml. of a 
standard alkali solution. What is the normal value of the alkali? 
Answer: 0.9432 N. 
21. How many milliliters of 3 N phosphoric acid must be added to 300 ml. 
of 0.4 N phosphoric acid in order that the resulting solution may be 0.6 N? 
Answer: 25 ml. 
22. How many milliliters of 0.3 normal sulfuric acid will be required to 
neutralize (a) 30 ml. of o.5 normal potassium hydroxide; (6) to neutralize 
30 ml. of 0.5 normal barium hydroxide; (c) to neutralize 20 ml. of a solution 
containing 10.02 grams of potassium bicarbonate per 100 ml.? 
Answer: (a) soml.; (6) soml.; (¢) 66.73 ml. 
23. Given the following data: 1 ml. of NaOH = 1.117 ml. HCl. The 


HCl is 0.4876 N. How much water must be added to 100 ml. of the alkali 
to make it exactly 0.5000 N? Answer: 9.0 ml. 
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24. What is the normal value of a sulfuric acid solution which has a © 
specific gravity of 1.839 and contains 95% H2SO, by weight? 


Answer: 35.61 N. 


25. If 30.00 grams of potassium tetroxalate (KHC,0,- H2C,0,4- 2 H,O) 
are dissolved and the solution diluted to exactly 1 liter, and 40 ml. are 
neutralized with 20 ml. of a potassium carbonate solution, what is the 
normal value of the carbonate solution? Answer: 0.7084 N. 


26. In preparing an alkaline solution for use in volumetric work, an 
analyst, because of shortage of chemicals, mixed exactly 46.32 grams of 
pure KOH and 27.64 grams of pure NaOH, and after dissolving in water, 
diluted the solution to exactly one liter. How many milliliters of 1.022 N 
hydrochloric acid are necessary to neutralize 50 ml. of the basic solution? 


Answer: 74.18 ml. 


27. One gram of a mixture of 50% sodium carbonate and 50% potas- 
sium carbonate is dissolved in water, and 17.36 ml. of 1.075 N acid are added. 
Is the resulting solution acid or alkaline? How many milliliters of 1.075 N 
acid or alkali will have to be added to make the solution exactly neutral? 


Answer: Acid; 1.86 ml. alkali. 


28. If 30.00 ml. of sulfuric acid are required to neutralize 25.00 ml. of 
0.6600 N potassium hydroxide solution, to what volume must 200 ml. of 
the acid be diluted with water in order that the resulting solution shall be 
exactly half-normal? What volume of one-normal caustic soda solution 
should be added to a liter of the potassium hydroxide solution in order that 
the resulting solution shall be 0.7000 N as a base? How many milliliters 
of the diluted acid will be neutralized by 25.10 ml. of the alkali mixture? 


Answer: 220 ml.; 133.3 ml.; 35.14 ml. 


29. A soo ml. graduated flask contains 150 ml. of 0.200 N sulfuric acid. 
By adding more concentrated sulfuric acid the solution is brought up to 
the mark and after mixing is found to be exactly 0.300 N. What was the 
normality of the acid added? (Assume no change in volume due to chemical 
or heat effect.) Answer: 0.343 N. 


Selection of the Standard. — The selection of the best sub- 
stance to be used as a standard for acid titrations has been the 
subject of much controversy. Probably the best standard is 
sodium carbonate, prepared from sodium bicarbonate by heating 
the latter at a temperature between 270° and 300° C. The bi- 
carbonate is easily prepared in a pure state, and at the tempera- 
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tures named the decomposition takes place according to the 
equation 


2 NaHCO; rae Na2CO3 + H20 + COz 


and without loss of any carbon dioxide from the sodium carbon- 
ate, such as may occur at higher temperatures. The process is 
carried out as described below. 

Calcium carbonate can be obtained pure and has been used 
as a standard for acid solutions. Its principal disadvantage is 
its insolubility in water. 

There are a greater number of substances which can be used 
as standards for alkali solutions. Practically all of these are 
solid organic acids which are soluble in water. Purified oxalic 
acid (H2C.0,- 2 H,O) and the acid oxalates (e.g. potassium acid 
oxalate, KHC.O. - HO, potassium tetroxalate, KHC.0,-H.C.0,- 
2 H,O) can be used for this purpose but have the disadvantage 
of possible loss of some of the water of crystallization. Benzoic 
acid (CseH;COOH) is sometimes used but is fluffy in character 
and hence hard to transfer from the weighing-tube without loss. 
Probably the best standard is potassium acid phthalate (KHC; 
HO.) which can now be obtained sufficiently pure for ordinary 
analytical work from all chemical supply houses and in a highly 
purified form from the Bureau of Standards. It is a monobasic 
acid (i.e. one hydrogen is replaceable by a metal). 

Since the student has determined the ratio existing between 
his prepared acid and base it is only necessary to standardize 
one of the solutions. The normality of the other solution can 
then be calculated from the ratio previously determined. 


STANDARDIZATION OF HYDROCHLORIC ACID 


Procedure. — Place in a porcelain crucible about 6 grams 
(roughly weighed) of the purest sodium bicarbonate obtainable. 
Rest the crucible upon a triangle of iron or copper wire so placed 
within a large crucible that there is an air space of about three 
eighths of an inch between them. The larger crucible may be 
of iron, nickel, or porcelain, as may be most convenient. Insert 
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the bulb of a thermometer reading to 350° C. in the bicarbonate, ~ 
supporting it from a clamp so that the bulb does not rest on the 
bottom of the crucible. Heat the outside crucible, using a rather 
small flame, and raise the temperature of the bicarbonate fairly 
rapidly to 270° C. Then regulate the heat in such a way that the 
temperature rises slowly to 300° C. in the course of a half-hour. 
The bicarbonate should be frequently stirred with a clean, dry, 
glass rod, and after stirring, should be heaped up around the 
bulb of the thermometer in such a way as to cover it. This will 
require attention during most of the heating, as the temperature 
should not be permitted to rise above 310° C. for any length of 
time. At the end of the half-hour remove the thermometer and 
transfer the porcelain crucible, which now contains sodium car- 
bonate, to a desiccator. When it is cold, transfer the carbonate 
to a stoppered weighing-tube or weighing-bottle. 

Weigh out into small beakers or flasks 1-gram samples of 
the sodium carbonate (see page 31) and record the exact weights 
in the notebook. Label the beakers or flasks in order to dis- 
tinguish between them. 

Pour over the carbonate in each beaker about 80 ml. of water, 
stir until solution is complete, and add two drops of methyl 
orange solution. Fill the burets with the standard acid and 
alkali solutions, noting the initial readings of the burets and 
temperature of the solutions. Run in acid from the buret, 
stirring and avoiding loss by effervescence, until the solution has 
become pink. Wash down the sides of the beaker with a Jiiile 
water from a wash-bottle, and then run in alkali from the other 
buret until the pink is replaced by yellow; then finish the titration 
as described above. Note the readings of the burets after the 
proper interval, and record them in the notebook. Repeat the 
procedure, using the second portion of sodium carbonate. Apply 
the necessary calibration corrections to the volumes of the solu- 
tions used, and correct for temperature if necessary. 

From the data obtained, calculate the volume of the hydro- 
chloric acid solution which is equivalent to the volume of sodium 
hydroxide solution used in this titration. Subtract this volume 


72 VOLUMETRIC ANALYSIS 


from the volume of hydrochloric acid. The difference repre- 
sents the volume of acid used to react with the sodium carbonate. 
From this calculate the normality of the acid, and from the 
known ratio of the two solutions calculate the normality of the 
sodium hydroxide (Note 1). 

Note. —1. It is also possible to standardize a hydrochloric acid 
solution by precipitating the chloride ions as silver chloride and weighing 
the precipitate, as prescribed under the gravimetric analysis of sodium 
chloride. Sulfuric acid solutions may be standardized by precipitation 
of the sulfate ions as barium sulfate and weighing the ignited precipitate, 
but the results are not above criticism on account of the difficulty in 
obtaining large precipitates of barium sulfate which are uncontaminated 
by inclosures or are not reduced on ignition. 

It is also possible to prepare a standard solution of hydrochloric acid 
by making use of the fact that the distillation of a solution of the acid 
under atmospheric pressure leaves a residual constant boiling solution, 
the composition of which depends on the pressure under which it is 
distilled. 


STANDARDIZATION OF SODIUM HYDROXIDE 


Procedure. — Weigh out into small beakers or flasks between 
3 and 4 grams of pure potassium acid phthalate (KHC;H,0,), 
accurately weighed to four significant figures (see page 31). 
Record the weights in the notebook and label the beakers or 
flasks in order to distinguish between them. Dissolve the acid 
salt in about 100 ml. of warm water and add two drops of phenol- 
phthalein indicator solution. Fill the burets with the prepared 
hydrochloric acid and sodium hydroxide solutions -and titrate 
the potassium acid phthalate with the sodium hydroxide to the 
first appearance of a delicate pink color, rinsing down the sides 
of the beaker or flask at or near the end of the titration. If 
necessary, run back with the hydrochloric acid solution and com- 
plete the titration with the sodium hydroxide to the point where 
one drop of the alkali changes the color of the solution from 
colorless to faint pink. If hydrochloric acid has been used, 
calculate the neé milliliters of sodium hydroxide solution re- 
quired to neutralize the potassium acid phthalate, and from 
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this value calculate the normality of the sodium hydroxide solu- » 
tion. From the ratio between the two titrating solutions deter- 
mined in the preceding experiment calculate also the normality 
of the hydrochloric acid solution. 


STOICHIOMETRY 


When a known weight of pure solid basic substance is com- 
pletely neutralized by a solution of given acid, the number of 
milliequivalents of the substance neutralized is identical to the 
number of milliequivalents of acid required. The same is true 
of the neutralization of an acid substance by a solution of an 
alkali. Since the number of gram-milliequivalents of a given 
solid (x) is found by dividing its weight in grams by its milli- 
equivalent weight (me), and since the number of gram-milli- 
equivalents of substance in a solution (s) is the product of the 
number of milliliters and the normality, 





_ Sramsz 
ml, XN, = es 
or ml, X N, X mez = grams;. 


Example I. — What is the normality of a solution of potas- 
sium hydroxide if 45.18 ml. are required to neutralize 0.3000 gram 
of pure oxalic acid (H2C.0.- 2 H20)? 

Solution. — The milliequivalent weight of oxalic acid is 


H.C.O,4 cae H,O 


= 0.06303. The number of gram-milliequivalents 
2000 


0.3000 
0.06303, 
equivalents of potassium hydroxide solution required = 45.18 
x N. 


of oxalic acid present is The number of gram-milli- 


__ 0.3000 
ANS 0.06303 


N&s70.1053. Ans. 
Example IIT; —A o0.5000-gram sample of pure CaCO; is 
dissolved in water to which 50.00 ml. of HCI solution has been 
added. The solution then requires 6.20 ml. of NaOH solution 
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of which 1 ml. = 1.010 ml. of the HCl. What is the normality of 
each of the two solutions? 


Solution. — Number of gram-milliequivalents of CaCO3 = 


0:509° . 6.20 ml. NaOH = 6.20 X 1.010 = 6.26 ml. HCl. Net 
CaCO; 





2000 
ml. HCl = 50.00 — 6.26, = 43.74 ml. 
0.5000 
43-74 X N = Tae 
2000 


HY 


0.2287 X 1.010 


0.2287 (normality of the HCl). Ans. 
0.2310 (normality of the NaOH). Ans. 


PROBLEMS 


30. In standardizing a hydrochloric acid solution it is found that 47.26 ml. 
of hydrochloric acid are exactly equivalent to 1.216 grams of pure sodium 
carbonate, using methyl orange as an indicator. What is the normal value 
of the hydrochloric acid? Answer: 0.4855 N. 

31. A solution of sulfuric acid is standardized against a sample of cal- 
cium carbonate which has been previously accurately analyzed and found 
to contain 92.44% CaCOs and no other basic material. The sample weigh- 
ing 0.7423 gram was titrated by adding an excess of acid (42.42 ml.) and 
titrating the excess with sodium hydroxide solution (11.22 ml.). 1 ml. of 
acid is equivalent to 0.9976 ml. of sodium hydroxide. Calculate the normal 
value of each. Answer: Acid 0.4398 N;_ alkali 0.4409 N. 

32. It is desired to dilute a solution of sulfuric acid of which 1 ml. is 
equivalent to 0.1027 gram of pure sodium carbonate to make it exactly 
1.250 normal. 700 ml. of the solution are available. To what volume must 
it be diluted? Answer: 1084 ml. 

33. A sample of Rochelle Salt (KNaC.H.0,- 4 H,0), after ignition in 
platinum to convert it to the double carbonate, is titrated with sulfuric 
acid, using methyl orange as an indicator. From the following data cal- 
culate the percentage purity of the sample: 

Wt. sample = 0.9500 gram 
H2SO, used = 43.65 ml. 
NaOH used = 1.72 ml. 
t ml. H,SO,4 = 1.064 ml. NaOH 
Normal value NaOH = 0.1321 N. 
Answer: 87.72%. 
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34. It is desired to dilute a solution of hydrochloric acid to exactly ~ 
0.05000 N. The following data are given: 44.97 ml. of the hydrochloric acid 
are equivalent to 43.76 ml. of the NaOH solution. The NaOH is stand- 
ardized against a pure potassium tetroxalate (KHC2O,* H2C204* 2 H20) 
weighing 0.2162 gram and requires 49.14 ml. How many ml. of water must 
be added to 1000 ml. of the aqueous hydrochloricacid? Amnswer: 10.8 ml. 


35. 60.00 ml. NaOH = 2.54 grams potassium tetroxalate (KHC20,: 
H2C20,4* 2 H2O); 50.00 ml. HCl = 40.00 ml. of the NaOH solution. How 
many milliliters of 2 N HNO; must be added to 100 ml. of the above HCl in 
order to make a mixture which is one normal as an acid? 


Answer: 60.0 ml. 


36. Solutions of potassium hydroxide and of hydrochloric acid are pre- 
pared. The acid is of such strength that 20.00 ml. are equivalent to 0.1121 
gram of CaO. 30.00 ml. KOH = 20.00 ml. HCl. What is the normality of 
the alkali solution and what is the value of 1 ml. of it in terms of pure benzoic 
acid (i.e. how many grams of benzoic acid will be neutralized by 1 ml. of 
the alkali)? Benzoic acid is a mono-basic acid with the formula CsH;COOH, 


Answer: 0.1333 N; 0.01627 gm. 


37. What is the equivalent weight of a certain organic acid if 44.00 ml. 
of NaOH solution (1 ml. = 1.100 ml. HCl = o.o1001 gram CaCOs) are 
required to neutralize 0.5192 gram of the pure acid? Answer: 59.00. 


38. In standardizing a solution of caustic soda against 1.431 grams of 
pure potassium acid phthalate the analyst uses 35.50 ml. of the alkali and 
is obliged to run back with 5.12 ml. of acid (1 ml. < 0.003100 gram Na20). 
What is the normality of the caustic soda solution? Answer: 0.2118 N. 


39. Potassium hydroxide which has been exposed to the air is found on 
analysis to contain 7.62% water, 2.38% KeCOs, and 90% KOH. What 
weight of residue will be obtained if one gram of this sample is added to 
46 ml. of normal hydrochloric acid and the resulting solution, after exact 
neutralization with 1.070 N potassium hydroxide solution, is evaporated 
to dryness? Answer: 3.43 grams. 


40. What volume of a solution of sodium hydroxide (1 ml. <= 0.0821 gram 
KHC,0,+ 2 H,O) must be added to 100 ml. of a solution of potassium hy- 
droxide (z ml. contains the equivalent of 0.00471 gram of KO) in order that 
the resulting solution shall be of such basic strength that 10.0 ml. will be 
equivalent to the nitrogen in one gram-millimole of urea CO(NHe)2 (by 
the Kjeldahl method whereby the urea is converted into (NH4)2SO,4 and 
the NH; subsequently evolved and titrated)? Answer: 33.3 ml. 
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DETERMINATION OF THE TOTAL ALKALINE 
STRENGTH OF SODA ASH 


Soda ash is crude sodium carbonate. If made by the ammonia 
process it may contain also sodium chloride, sulfate, and hydrox- 
ide; when made by the Le Blanc process it may contain sodium 
sulfide, silicate, and aluminate, and other impurities. Some of 
these, notably the hydroxide, combine with acids and contribute 
to the total alkaline strength, but it is customary to calculate 
this strength in terms of sodium carbonate; 7.e. as though no 
other alkali were present. 

The analysis of soda ash is chosen merely as a typical alka- 
limetric process and the student should bear in mind that there 
are many other types of commercial products which are alkaline 
in nature and which can be analyzed by a process essentially the 
same as that given below. Among these products can be in- 
cluded pearl ash (impure K,COs), limestone (CaCO3), quick lime 
(CaO), commercial caustic soda (NaOH), washing powder, and 
ammonium hydroxide solutions. 

Procedure. — Weigh out accurately to four significant figures 
two samples of soda ash of about one gram each into beakers 
or flasks of about 200 ml. capacity. Dissolve the ash in 75 ml. 
of water, warming gently. Cool, add two drops of methyl orange 
(Note 1) and titrate for the alkali with the standard hydrochloric 
acid solution, using the standard alkali to complete the titration 
as already prescribed. 

From the volumes of acid and alkali employed, corrected for 
buret errors and temperature changes, and the data derived 
from the standardization, calculate the percentage of alkali 
present, assuming it all to be present as sodium carbonate 
(Note 2). Also calculate the alkaline strength of the ash in terms 
of per cent Na,O (Note 3). 

Notes. — 1. The hydrochloric acid sets free carbonic acid which is 
unstable and breaks down into water and carbon dioxide, most of which 
escapes from the solution. Carbonic acid is a weak acid and, as such, 


does not yield a sufficient concentration of Ht ions to cause the indicator 
to change to a pink. 


ALKALIMETRY AND ACIDIMETRY 7a 


2. A determination of the alkali present as hydroxide in soda ash 
may be determined by precipitating the carbonate by the addition of 
barium chloride, removing the barium carbonate by filtration, and 
titrating the alkali in the filtrate. 

The caustic alkali may also be determined by first using phenol- 
phthalein as an indicator, which will show by its change from pink 
to colorless the point at which the caustic alkali has been neutral- 
ized and the carbonate has been converted to bicarbonate, and then 
adding methyl orange and completing the titration. The amount of 
acid necessary to change the methyl orange to pink is a measure of 
one-half of the carbonate present. The results of the double titration 
furnish the data necessary for the determination of the caustic alkali 
and of the carbonate in the sample. See Double Indicator Titrations, 
page 81. 

3. It is common practice in certain analyses to express percentages 
in terms of the oxides of the elements. This is particularly convenient 
in mineral analyses where the exact combinations of the various con- 
stituents are often unknown. 


DETERMINATION OF THE ACID STRENGTH OF 
OXALIC ACID 


The analysis of oxalic acid represents a typical acidimetric 
‘process and the student should bear in mind that a great many 
other substances are acidic in nature and can be analyzed by a 
process essentially the same as that given below. 

Procedure. — Weigh out to four significant figures two portions 
of the acid of about 1 gram each. Dissolve these in 100 ml. of 
warm water. Add two drops of phenolphthalein solution, and 
run in alkali from the buret until the solution is pink; add acid 
from the other buret until the pink is just destroyed, and then 
add 0.3 ml. (not more) in excess. Heat the solution to boiling for 
three minutes. If the pink returns during the boiling discharge 
it with acid and again add 0.3 ml. in excess and repeat the boiling 
(Note 1). If the color does not then reappear, add alkali until 
it does, and a drop or iwo of acid in excess and boil again for one 
minute (Note 2). If no color reappears during this time, com- 
plete the titration in the hot solution. The end-point should be 
the faintest visible shade of color (or its disappearance), as the 
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same difficulty would exist here as with methyl orange if an 
attempt were made to match shades of pink. 

From the corrected volume of alkali, calculate the percentage 
of acid in the sample in terms of hydrated oxalic acid (H2C20 - 
2 H.O) (Note 3). 

Notes. — 1. All commercial caustic soda such as that from which 
the standard solution was made contains some sodium carbonate. 
This reacts with the oxalic acid, setting free carbonic acid, which, in 
turn, forms sodium bicarbonate with the remaining carbonate: 


H2CO3 + Na2CO3— 2 NaHCOs. 


This compound does not hydrolyze sufficiently to furnish enough 
OH™ ions to cause phenolphthalein to remain pink; hence, the color of 
the indicator is discharged in cold solutions at the point at which 
bicarbonate is formed. If, however, the solution is heated to boiling, 
the bicarbonate loses carbon dioxide and water, and reverts to sodium 
carbonate, which causes the indicator to become pink again: 


2 NaHCO; ae Na2CO3 + H.O + CO>. 


By adding successive portions of hydrochloric acid and boiling, the 
carbonate is ultimately all brought into reaction. 

2. Hydrochloric acid is volatilized from aqueous solutions, except 
such as are very dilute. If the directions in the procedure are strictly 
followed, no loss of acid need be feared, but the amount added in excess 
should not be greater than 0.3-0.4 ml. 

3. Attention has already been called to the fact that the color changes 
in the different indicators occur at varying concentrations of Ht or 
OH- ions. They do not indicate neutrality, but a particular indicator 
always shows its color change at a particular concentration of H* or 
OH- ions. Strictly speaking, the results of an analysis with a given 
indicator are correct only if the previous standardization and ratio were 
made using the same indicator. In cases where both methyl orange 
and phenolphthalein have been used, the error involved is very small, 
however, and for our present purposes can be neglected. 


x 


STOICHIOMETRY 


Just as the normality of a solution can be found from the 
volume required to react with a definite weight of substance of 
known purity, the percentage purity of a substance can be deter- 
mined from the volume of a solution of known normality required 
to react with a definite weight of the substance. The product 
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of the number of milliliters of the titrating solution used (ml,) 
and the normality of the solution (V,) represents the number 
of gram-milliequivalents in the solution used. This is the same as 
the number of gram-milliequivalents of pure substance neutral- 
ized (x). If the number of gram-milliequivalents of substance 
is multiplied by the value in grams of one milliequivalent weight 
(me), the product is the number of grams of substance present 
in the sample. The percentage purity of the sample is then 
simply 100 times the weight of pure substance divided by the 
weight of sample taken for analysis: 


mle XN, X Mez 


wt. sample as 


Example I. — What is the percentage of total acid expressed 
as acetic acid (HC2H;02) in a sample of vinegar if 3.000 grams 
of the vinegar require 20.50 ml. of 0.1150 N KOH solution for 
neutralization? 


Solution. — Gram-milliequivalents of KOH used = 20.50 X 
0.1150 = 2.358. 
Number of gram-milliequivalents of HC2H;02 present = 


512350, 
Value of one gram-milliequivalent weight of HC:HsO02 = 
HC,2H;302 


= 0.0600 gram. 
1000 


Grams of HC;H30, present = 2.358 X 0.0600 = 0.1415 gram. 


Percentage HC2H302 = O-T475 x r00 = 4.717%. Ans. 
3.000 
Example II. — Calculate the alkaline strength of pearl ash 
(impure potassium carbonate) in terms of per cent K,0 from the 
following data: Sample = 0.3500 gram, HCl used = 48.03 ml.; 
NaOH used for back titration = 2.02 ml.; 1 ml. HCl = 0.005300 
gram Na2COs; 1 ml. NaOH = 0.02192 gram KHC;0,- H20. 


0.005300 
Na»CO,’ 
: 2000 


Solution. — Normality of HCl = = ©,1000, 
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0.02192 


Normality of NaOH = 7 BHG0.- 0’ = 0.1500 
: IO00O0 


2.02 ml. NaOH = 2.02 Kee ee See =) 3.0% ml. HCl 


1000 
Net ml. HCl = 48.03 — 3.03 = 45.00 ml. 
(or net gram-milliequivs. = (48.03 X 0.1000) 
— (2.02 X 0.1500), = 4.500) 


45.00 X 0.1000 X 0) 


% K,0 = a eee X 100 = 60.56%. Ans. 
0.3500 





Example IIIT. — What weight of a sample of impure oxalic acid 
Sees N : 
should be taken for titration by - alkali so that the percentage 
of H2C.0,: 2 HO will be twice the buret reading? 


H.C.0, 2 H,O 
iaene at 
wt. sample 
A X 0.5000 X 0.06302 
wt. sample 
Wt. sample = 1.575 grams. Ans. 


m.X NX 
Solution. — 





<< Io00 = Cos 


xX 100 = 2 A. 


Example IV.— A sample consisting entirely of pure lithium 
carbonate and pure barium carbonate weighs 1.000 gram and 


N 
requires 30.00 ml. of > HCl for neutralization. Calculate the 


percentage of LisCOs in the sample. 


Solution. — Let x = grams Li,COs present 
Then 1.000 — x = grams BaCO; present 


Number of gram-milliequivs. Li,CO3 = aoe 
2 3 
2000 
Number of gram-milliequivs. BaCO3 = oO" 
3 


2000 
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Number of gram-milliequivs. HCl required = 30.00 X 0.5000. 


x 5000) — x 
eae er 2) OOO! ©O.5000 
ico, Bacon 3 5 
2000 2000 


x = 0.2876 gram LipCO3. Ans. 


Double Indicator Titrations.— The fact that certain indi- 
cators change color at different stages of a neutralization is some- 
times made use of in volumetric work to determine the propor- 
tions of the components of certain mixtures by making use of 
two end-points in a single titration. For example, in the titra- 
tion of sodium carbonate by acid the neutralization takes place 
in two stages of which the first is the formation of sodium 
bicarbonate: 

Na2CO; + Ht — NaHCO; + Nat 
NaHCO; + H+ — Nat + H20 + COs. 


It is obvious from the molar relationships of these two equations 
that if a certain volume of acid is required to convert a given 
weight of NazCO; into NaHCOs, an additional equal volume of 
the same acid will be required to effect complete neutralization. 

When sodium carbonate is titrated in the cold using phenol- 
phthalein as the indicator, the solution turns colorless when the 
sodium carbonate has been converted only to the bicarbonate. 
With methyl orange as the indicator, however, the color of the 
solution does not change until the complete neutralization has 
taken place. This is shown in Curve @ @ of Fig. 3 (page 56) 
where the change of pH during a titration of Na2COs is plotted 
against milliliters of acid. It is seen that there are two inflections 
of the curve. The first inflection, at about pH 9, is the point of 
conversion to bicarbonate and it is seen that the appropriate 
common indicator for this point is phenolphthalein. The second 
inflection is at pH 4 and corresponds to complete neutralization. 
It is seen that methyl orange is a suitable indicator for this point, 
and the graph also shows that the volume of acid added for the 
phenolphthalein end-point is one-half that for the methyl orange 
end-point. 
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Practical applications of this principle are illustrated in the 
following two examples. 


Example V.— A 1.200-gram sample of a mixture of NaOH 
and Na.COs with inert impurity is dissolved and titrated cold 


N 
with oa HCl. With phenolphthalein as the indicator, the solution 


turns colorless after the addition of 30.00 ml. of the acid. Methyl 
orange is then added and 5.00 ml. more of the acid are required 
for the color to change to pink. What is the percentage of 
NaOH and of Na2CO; in the sample? 


Solution. —If the acid is added slowly, the stronger base 
(NaOH) is neutralized first. After this reaction is complete 
the Na2COz; is converted to NaHCO; at which point the phenol- 
phthalein changes color. All this requires 30.00 ml. of the acid. 
Since the further neutralization of the bicarbonate formed re- 
quires 5.00 ml. of the acid, of the total 35.00 ml. used, 10.00 ml, 
must have reacted with the Na2COs, and therefore 25.00 ml. 
with the NaOH. 





25.00 X 0.5000 X Nae 
IO00O 
% NaOH = eo X 100 = 41.68 %. 
Ans. 
Na,.CO3 


10.00 X 0.5000 X 


ONasCO; = ee a 
nes X 100 = 22.08%. 





Ans. 

Example VI.— A 1.200-gram sample containing NazCOs, 

NaHCOs, and inert impurities is titrated cold with = HCl. 
2 


With phenolphthalein as the indicator the solution turns color- 
less after the addition of 15.00 ml. of the acid. Methyl orange 
-is then added and 22.00 ml. more of the acid are required to 
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change the color of this indicator. What is the percentage of 
Na2CO3 and of NaHCO; in the sample? 


Solution. — NazCOs is first converted into NaHCO; requiring 
15.00 ml. of the acid. Of the 22.00 ml. of additional acid added, 
15.00 ml. must have been required to complete the neutral- 
ization of this NaHCO; formed, and 7.00 ml. to neutralize the 
NaHCoO; originally present. 








Na2CO; 
30.00 X 0.5000 X eet 
% Na2CO3 = X I00 = 66.25%. 
1.2000 
Ans. 
NaHCO; 
7.00 X 0.5000 X ae 
% NaHCO; = aI — X 100 = 24.50%. 
Ans. 
PROBLEMS 


41. One gram of crude ammonium salt is treated with strong potas- 
sium hydroxide solution. The ammonia liberated is distilled and collected 
in 50 ml. of 0.5000 N acid and the excess titrated with 1.55 ml. of 0.5000 N 

sodium hydroxide. Calculate the percentage of NH; in the sample. 
Answer: 41.17%. 

42. In the analysis of a 1-gram sample of soda ash, what must be the 
normality of the acid in order that the number of milliliters of acid used shall 
represent the percentage of carbon dioxide present? Answer: 0.4544 N. 


43. What weight of pearl ash must be taken for analysis in order that 
the number of milliliters of 0.5000 N acid used may be equal to one-third the 
percentage of K,CO3? Answer: 1.152 grams. 

44. What weight of cream of tartar must have been taken for analysis 
in order to have obtained 97.60% KHC.H.0O, in an analysis involving the 
following data: NaOH used = 30.06 ml.; H2SO, solution used = 0.50 ml.; 
1 ml. H.SO,4 = 0.0255 gram CaCO3; 1 ml. H2SO4 = 1.02 ml. NaOH? 

Answer: 2.846 grams. 


4s. Calculate the alkaline strength of an impure sample of potassium 
carbonate in terms of per cent potassium oxide from the following data: 
Weight of sample = 1.00 gram; HCl used = 55.90 ml.; NaOH used = 
0.42 ml.; 1 ml. NaOH = 0.008473 gram of KHC204 * H2C204° 2 H20; 2 ml. 
HCl = 5 ml. NaOH. Answer: 65.68%. 
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46. Calculate the percentage purity of a sample of calcite (CaCOs) 
from the following data: (Standardization) Weight of H2C,0.° 2 H,O = 
0.2460 gram; NaOH solution used = 41.03 ml.; HCl solution used = 
0.63 ml.; 1 ml. NaOH solution = 1.190 ml. HCl solution. (Analysis) Weight 
of sample = 0.1200 gram; HCl used = 36.38 ml:; NaOH used = 6.20 ml. 


Answer: 97.97%. 

47. The same volume of carbon dioxide at the same temperature and 
the same pressure is liberated from a 1-gram sample of dolomite, by adding 
an excess of hydrochloric acid, as can be liberated by the addition of 35 ml. 
of 0.500 N hydrochloric acid to an excess of any pure or impure carbonate. 
Calculate the percentage of CO: in the dolomite. Answer: 38.5%. 

48. In the analysis of a 2.000-gram sample of lime by titration with 
H,SO:, what must be the normality of the acid so that the percentage of 
calcium may be found by dividing the net volume of acid required by 4? 

Answer: 0.2500 N. 

49. Calculate the percentage of acetic acid (HC:H;02) in a sample of 
vinegar from the following data: Sample = 15.00 grams; ml. NaOH used = 
43.00; ml. 0.600 N H2SOx used for back titration = 2.50 ml.; 1 ml. NaOH = 
0.0315 gram oxalic acid (H2C.0, + 2 H,0). Answer: 8.00%. 

50. What weight of soda ash must be taken for analysis so that by using 
0.5000 N HCl for titrating, (a) the buret reading shall equal the percentage 
of Na,O; (6) three times the buret reading shall equal the percentage of 
Na.O; (c) every three milliliters shall represent 1 per cent Na2O; (d) each 
milliliter shall represent 3 per cent Na,O; (e) the buret reading and the 
percentage of Na2O shall be in the respective ratio of 2 to 3? 

Answer: (a) 1.550 grams; (6) 0.5167 gram; (c) 4.650 grams; 
(d) 0.5167 gram; (€) 1.033 grams. 

51. A sample of fuming sulfuric acid containing only SOs and H.SO, 
weighs 1.4000 grams and requires 36.10 ml. of 0.8050 normal NaOH for 
neutralization. What is the percentage of each constituent in the sample? 

Answer: 91.98 per cent H:SO.; 8.02 per cent SOs. 


52. A mixture of pure sodium carbonate and pure barium carbonate 
Phe 7 INOGad 
weighing 0.2000 gram requires 30.00 ml. OF acid for complete neutraliza- 


tion. What is the percentage of each constituent in the mixture? 
Answer: 55.7% Na2CO3; 44.3% BaCOs. 
53. What weight of barium carbonate must be added to one gram of 
lithium carbonate so that the mixture will require the same volume of 
standard acid for neutralization as would the same weight of pure calcium 
‘carbonate? Answer: 0.716 gram. 
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54. A mixture of pure lithium carbonate and pure strontium carbonate 
weighs 0.7920 gram and requires 29.73 ml. of 0.5060 N acid for neutraliza- 
tion. What is the percentage of Li,O and SrO in the sample? 


Answer: Li = 16.3%; SrO = 41.8%. 
55. The combined weight of LiOH, KOH, and Ba(OH), in a mixture is 


: Ness : Mat: 
0.5000 gram and 25.44 ml. of = acid are required for neutralization. The 


same amount of material with CO: gives a precipitate of BaCO3 which when 
filtered is found to require 5.27 ml. of the above acid for neutralization. 
Calculate the weights of LiOH, KOH, and Ba(OH), in the original sample. 


Answer: LiOH = 0.2174 gram; KOH = 0.0567 gram; 
Ba(OH)2 = 0.2259 gram. 


56. If all of the nitrogen in a 0.600-gram sample of urea, CO(NH2)2, were 
converted by concentrated H;SO, into ammonium salt, and with excess 
NaOH solution the NH; were liberated and absorbed in 50.00 ml. of H2SOx 
(x ml. = 0.01550 gram Na2O), how much NaOH solution (1 ml. = 0.01220 
gram benzoic acid, CsH;COOH) would be required to complete the titration? 


Answer: 50.0 ml. 


57. The percentage of protein in organic nitrogenous matter is found by 
multiplying the percentage of nitrogen by the factor 6.25. A sample of 
meat scrap weighing 2.000 grams is digested with concentrated H2SO, and 
mercury until the nitrogen in the sample is converted to ammonium sulfate. 
' By means of excess NaOH solution the ammonium salt is decomposed and 
the liberated ammonia is absorbed in 50.00 ml. of H2SO, and the excess acid 
then requires 22.14 ml. of 0.6190 N NaOH solution. A separate 50.00 ml, 
portion of the H2SO, is neutralized by 40.23 ml. of the NaOH titrating solu- 
tion. Calculate the percentage of protein in the meat scrap. 


Answer: 48.99%. 


58. From the following data, calculate the percentages of Na2CO; and 
NaOH inan impure mixture. Weight of sample, 1.500 grams; HCl (0.5000 N) 
required for phenolphthalein end-point, 28.85 ml.; HCl (0.5000 N) required 
to complete the titration after adding methyl orange, 23.85 ml. 


Answer: 6.67% NaOH; 84.28% NasCOs. 


sg, A sample of sodium carbonate containing sodium hydroxide weighs 
1.179 grams. It is titrated with 0.3000 N hydrochloric acid, using phenol- 
phthalein in cold solution as an indicator and becomes colorless after the 
addition of 48.16 ml. Methyl orange is added and 24.08 ml. are needed for 
complete neutralization. What is the percentage of NaOH and NazCOs? 


Answer: 24.50% NaOH; 64.92% NazCOs. 
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60. From the following data, calculate the percentages of NazCO3 and 
NaHCO; in an impure mixture. Weight of sample = 1.000 gram; volume 
of o.25 N hydrochloric acid required for phenolphthalein end-point = 
26.40 ml.; after adding an excess of acid and boiling out the carbon dioxide, 
the total volume of 0.2500 N hydrochloric acid required for phenolphthalein 
end-point = 67.10 ml. Answer: 69.95% Na2CO3; 30.02% NaHCOs. 


61. A chemist received four different solutions, with the statement that 
they contained either pure NaOH; pure NazCOs3; pure NaHCOs, or mix- 
tures of these substances. From the following data identify them: 


Sample I. On adding phenolphthalein to a solution of the substance, 
it gave no color to the solution. 


Sample II. On titrating with standard acid, it required 15.26 ml. for a 
change in color, using phenolphthalein, and 17.90 ml. additional, using 
methyl orange as an indicator. 


Sample III. The sample was titrated with hydrochloric acid until the 
pink of phenolphthalein disappeared, and on the addition of methyl orange 
the solution was colored pink. 


Sample IV. On titrating with hydrochloric acid, using phenolphthalein, 
15.00 ml. were required. A new sample of the same weight required exactly 
30 ml. of the same acid for neutralization, using methyl orange. 


Answer: (a) NaHCO;; (b) NaHCO;-+ NazCO3; (c) NaOH; 
(d) Na2COs. 


62. A 1-gram sample of sodium hydroxide, which has been exposed 
to the air for some time, is dissolved in water and diluted to exactly 500 ml. 
One hundred milliliters of the solution, when titrated with 0.1062 N hydro- 
chloric acid, using methyl orange as an indicator, require 38.60 ml. for com- 
plete neutralization. Barium chloride in excess is added to a second portion 
of too ml. of the solution, which is diluted to exactly 250 ml., allowed to 
stand and filtered. Two hundred milliliters of this filtrate require 29.62 ml. of 
0.1062 N hydrochloric acid for neutralization, using phenolphthalein as an 
indicator. Calculate percentage of NaOH and of NazCOs. 

Answer: 78.63% NaOH; 4.45% NasCOs. 

63. Oleum (fuming sulfuric acid) is a solution of SO3in H2SO.. A sample is 
dissolved in water (SO; + H.O > H.SO,) and is titrated with standard 
alkali. If the acidity of the sample is calculated in terms of H.SOx (i.e. buret 
H2SO, 

2000 
late the percentage composition of the original sample. 


Answer: 24% SOs; 76% H2SO.. 





reading X normality x ) the percentage obtained is 105.4%. Calcu- 


CHAPTER IX 
OXIDATION-REDUCTION PROCESSES 


Relation of Electric Current to Oxidation. — In the light of 
the modern concept of the structure of atoms, oxidation and re- 
duction may be defined in terms of transfer of electrons. A 
substance is oxidized when it loses electrons; a substance is 
reduced when it gains electrons. 

Oxidation and reduction are clearly intimately associated with 
transfer of electricity, for oxidation-reduction processes can be 
brought about by the application of an electric current, and con- 
versely an electric current can be obtained from oxidation- 
reduction processes. The electrolysis of a solution of sodium 
chloride is an example of the first case. At the anode, negative 
chloride ions are oxidized to free chlorine gas; at the cathode, 
positive hydrogen ions from the water are reduced to free 
hydrogen gas. 

As an example of the second case, consider two solutions, one 
containing dissolved ferrous sulfate and the other dissolved ceric 
sulfate. If the two solutions are connected by means of an in- 
verted capillary U-tube (salt-bridge) filled with an electrolyte like 
potassium sulfate, an inert platinum electrode placed in each 
solution, and the two electrodes connected by means of a wire, 
a current of electricity will flow through the wire. The positive 
to negative direction of the current in the wire is from the 
electrode dipping in the ceric sulfate solution to the electrode 
dipping in the ferrous sulfate solution. The positive to negative 
direction of the current in the solution is from the ferrous sulfate 
solution to the ceric sulfate solution. At the same time the 
ferrous salt is oxidized to ferric salt (Fe++ > Fe+++ + €) each 
ion giving up a negative charge to the electrode (anode), and 


the ceric salt is reduced to cerous salt (Cett++ + €— Cet+t++), 
87 
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each ion taking on a negative charge from the electrode (cathode). 
The same oxidation and reduction effect is observed if the two 
solutions are intimately mixed (Fe++ + Cet+t+++ — Fett++ + 
Ce+++), but no flow of current is observed. To obtain a current 
it is necessary that the two solutions be separated and yet there 
must be some means for the transfer of ions between the solu- 
tions. The necessary circuit is brought about by introducing a 
salt-bridge between the solutions and a metallic conductor be- 
tween the electrodes. 

The combination of the two solutions just described is known 
as a cell. Each of the solutions with its electrode is called a 
half-cell. 

Faraday’s Law states that a definite quantity of electricity, 
namely, 96,500 coulombs (= 96,500 ampere-seconds = one fara- 
day), is associated with each transfer of charge per formula 
weight of substance. That is, in the case of the above cited exam- 
ple, the oxidation at the anode of one gram-atom (55.84 grams) 
of ferrous ions, and simultaneously, the reduction at the cathode 
of one gram-atom (= 140.13 grams) of ceric ions is associated 
with the passage of one faraday. Hence, in equations where chem- 
ical symbols are considered as representing gram-atomic and 
gram-molecular weights, the symbol e corresponds to a faraday. 

Specific Oxidation Potentials (Molar Electrode Potentials). — 
In the above cell, assume the first half-cell to consist of an inert 
platinum electrode in contact with a solution which is one 
molar with respect to both ferrous and ferric ions. The electrode 
assumes a certain potential (electrode potential) relative to the 
solution. In the other half-cell assume that both cerous and ceric 
ions are also at unit molar concentrations. The other electrode 
likewise assumes a definite potential relative to the cerous-ceric 
solution. These conditions may be represented as follows: 


Fe++ (1 molar) 


Cet++ (1 molar) 
Fet++ (z molar) 


ig Cet+++ (z molar) Pt. 





On connecting the electrodes with a wire and the solutions by 
means of a salt-bridge, a “positive” current of approximately 
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0.70 volt will flow from right to left in the wire and from left 
to right through the solution. 

In representing cells in this way, a single line denotes a junc- 
tion between an electrode and a solution. A double line denotes 
a junction between two solutions and it is assumed that the 
small potential difference between the solutions has been cor- 
rected for in formulating the E.M.F. of the whole cell. 

It is difficult to determine electrode potentials accurately in 
terms of absolute voltages. However, we are usually concerned 
only with differences between electrode potentials and we can 
therefore express electrode potentials in terms of some arbitrary 
standard. For convenience, the potential difference between 
hydrogen gas at one atmosphere and a one molar solution of 
hydrogen ions can be taken as that standard.! The potential 
of the standard molar hydrogen electrode is arbitrarily given 
the value of zero. 

The specific oxidation potential of the ferrous-ferric system 
is therefore measured by the E.M.F. of the cell: 


Fet+ (z molar) 


H, (x atm.) 
Pt | Fett+ (x molar) 


2 H+ (x molar) Pt. 





After correcting for the relatively small potential difference 
(liquid potential) between the liquid junctions of the cell, the 
E.M.F. of this cell is found to be 0.748 volt. The “positive” cur- 
rent flows through the solution as expressed above from right 
to left, and in the wire from left to right. There remains the 
question of the sign of this value. Here again an arbitrary deci- 
sion must be made. Although there are differences of opinion in 
this respect, the general trend is to the adoption of the conven- 
tion in which the higher potential is assigned to that electrode 
where reduction tends to take place, hence to the electrode to 
which the positive current flows through the solution and from 

1 Actually the activity of the hydrogen ion is taken as unity. By assuming that all ions involved 
behave as perfect solutes (i.e. their solutions conform to the laws of perfect solutions) activity values 
become identical to concentrations. We shall make this assumption in this and related discussions. 


For information concerning the concept of activity the student is referred to modern treatises on 
physical chemistry. 
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which it flows in the outer circuit. According to this convention 
the electrode potential of Cu — Cu++ (1 molar) is algebraically 
greater than that of Zn — Zn*+ (1 molar) because copper ions 
have a greater tendency to take on electrons and become re- 
duced to metallic copper. Since the current of 0.748 volt in the 
above cell flows through the solution in the positive to negative 
direction from the hydrogen electrode (electrode potential arbi- 
trarily given the value of zero) to the ferrous-ferric electrode, 
the molar electrode potential of the latter is + 0.748 volt. This 
shows that ferric ions have greater tendency to be reduced than 
do hydrogen ions, and in the above cell the reaction is: . 


2 Fe++ (1 molar) + Hz (x atm.) — 2 Fet++ (1 molar) 
+ 2 H+ (1 molar). 


Other specific oxidation potentials can be similarly found by 
determining the direction of the current and the voltage of the 
cell formed by combining with the normal hydrogen electrode 
the half-cell made up of the components of the system under 
consideration, all at unit concentration and with suitable cor- 
rections for the small potentials between the liquid junctions. 
Specific oxidation potentials are indicated by the symbol E°. 
A table of such potentials is given in the Appendix. 

The potential of the cell: 


Fet+ (x molar) 


Cet++ (2 molar) 
Pt | Fett++ (1 molar) 


Cet+++ (1 molar) Pt. 





is the algebraic difference between the electrode potentials of 
the two half-cells (E = E; — E}) or: + 0.748 — 1.45 =—0.70 
volt. The negative value shows that the current flows through 
the solution as written, from left to right, the ferrous ions there- 
fore being oxidized, the ceric ions being reduced. 

Relation between Electrode Potential and Concentration. — 
Now let us consider cases where the prevailing concentrations 
are not one molar. The electrode potentials are no longer molar 
electrode potentials but nevertheless can be calculated from 
them. From considerations of free energy it can be shown 
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that at 25° C. electrode potentials can be calculated from the — 
formula: 


B= 2 +32 tog M 


where E® = molar electrode potential 
nm = number of faradays involved in the change 
log = common logarithm 
M = ratio obtained by dividing the prevailing molar 
concentrations of the oxidation products of the 
reaction by the prevailing molar concentrations 
of the reacting substances, each concentration 
< being raised to a power equal to the coefficient of 
that substance in the equation representing the 
reaction taking place in the half-cell. M there- 
fore resembles a mass-action expression, but is 
different from it in that the concentrations in- 
volved are prevailing concentrations and not 
those at equilibrium. In expressing M, reactions 
should be written as oxidations, thus: 





[Cet++4] 
Cet++ = Cet+++ + ¢, where M = [CerAy]’ 
and 
[Fet++] 
Fet+ = Fet++ + ¢, where M = [Fes] . 


In the case of the half-cell reaction: 

[MnO,"][H+]* 
[Mn**] 

The concentration of the oxidized form must be in the numer- 

ator. (In dilute solutions the concentration of water is con- 

sidered to be a constant and is usually omitted from mass-action 

expressions. ) 


Mnt+ + 4H,O = MnO, +8H*++5.¢, UM = 


Example I. — What is the E.M.F. at 25° C. of the cell: 


Cet+++ (z molar) Fet++ (0.001 molar) 


Cet++ (0.01 molar) Fet+ (1 molar) Er 


Pt 
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Solution. — 
(1) Cet+ (0.01 m.) = Cet+++ (1 en +e 
oO. LS [Ce+++4] 
= EY aa log [Cet+4] 
= 1.45 + ae log 100 
= Pia 
(2) Fet+ (1 m.) = Fe*+++ (0.001 m.) + € 
oO. 2592 Vette 
F,=EF+ log [Fes] 
= 0.748 + oes log 0.001 
=/0.571 
(x) — (2) Cet (0.01 m.) + Fet++ (0.001 m.) = Cet*++ (1 m.) 
+ Fe++ (1 m.) 


ne E, — E, = + 1.00 volt. Ans. 


The positive sign of the resulting value shows that the net 
reaction as written proceeds from right to left, the positive cur- 
rent flowing through the solution of the cell (as expressed above) 
in this direction. The ceric ions are reduced by the ferrous ions. 


Example II. — In what direction will the following reaction go 
when the concentrations of all components are 0.1 molar? What 
E.M.F. could be obtained when the reaction takes place at 
25° C. in a voltaic cell: 


2 Fet+ + I, = 2 Fett*+ + 2T-.. 
Solution. — 


++4]2 
(1) 2 Fet+ = 2 Fet++ + 2¢ E, = E39 + [Fet++4] 


eer 


0.0591 








log 


= + 0.748 + 2008" log 1 











= + 0.748 
ie aaa Ey = By + 292" hog = 
= +0535 +> <n log 10 


+ 0.565 
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(1) - (2) 2 Fet+ + I, = 2 Fet++ + 2I- 
££ = E; — E, = + 0.748 — (+ 0.565) 
= + 0.183 volt. Ans. 
Reaction goes to the left. Ans. 


We can therefore determine from molar electrode potentials 
whether or not certain oxidation-reduction reactions will take 
place. It should be borne in mind, however, that such results 
give no indication of the relative rates of reaction. There are 
certain reactions which, although theoretically possible, take 
place too slowly to be of practical value in analytical operations. 


PROBLEMS 
(See page =79.} 


CHAPTER X . 
OXIDATION-REDUCTION TITRATIONS 


General Discussion. — In the oxidation processes of volu- 
metric analysis standard solutions of oxidizing agents and of 
reducing agents take the place of the acid and alkali solutions 
of the neutralization processes already studied. 

The important oxidizing agents employed as standard so- 
lutions are potassium bichromate, potassium permanganate, 
potassium ferricyanide, iodine, ferric chloride, sodium hypo- 
chlorite, and ceric sulfate. 

The important reducing agents which are used in the form of 
standard solutions are ferrous sulfate (or ferrous ammonium 
sulfate), oxalic acid, sodium thiosulfate, stannous chloride, and 
arsenious acid. Other reducing agents, such as sulfurous acid, 
hydrogen sulfide, and zinc, may take part in the processes, but 
not as standard solutions. 

The most important combinations among the foregoing are: 
potassium bichromate and ferrous salts; potassium permanga- 
nate and ferrous salts; potassium permanganate and oxalic acid; 
iodine and sodium thiosulfate; hypochlorites and arsenious acid; 
ceric sulfate and ferrous sulfate. 

Oxidation and Reduction Equivalents. — The gram-equivalent 
weight of an oxidizing or reducing agent may be defined as the 
weight of substance which involves in reaction the oxidizing 
or reducing equivalent of one gram-atom (1.008 grams) of hydro- 
gen (or 8.000 grams of oxygen). It is based on the oxidation- 
reduction reaction: H = H+ + ¢. The oxidation of the hydrogen 
atom and the reduction of the hydrogen ion each involve the 
loss or gain of a single electron and the change in valence of the 
hydrogen is one. The atomic weight (1.008) is the equivalent 
weight of hydrogen, and the gram-atomic weight (1.008 grams) 

‘is the gram-equivalent weight. 
94 
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The oxidation of a ferrous ion (Fett — Fett++ +e) and the 
reduction of a ferric ion (Fet++ + ¢ — Fe+t) likewise involve the 
loss or gain of one electron and the valence change is one in 
each case. In such a reaction the equivalent weight of iron is 
the atomic weight (55.84). 

The oxidation of a stannous salt to a stannic salt (Sntt+ 
— Snt+++ + 2 ¢€) involves the loss of two electrons per atom and 
Sn 118.70 
Fg = 59-35 grams repre- 
sents the gram-equivalent weight of tin in such a reaction, since 
that amount has the reducing equivalent of one gram-atom of 
hydrogen. 

The reduction of permanganate in acid solution involves a 
gain of five electrons for each permanganate ion: MnO, + 5 € 
+ 8H+—Mnt+++4H,0. The change of valence is likewise 
five, since the valence of manganese in permanganate is + 7, 
and in a manganous salt is + 2. The gram-equivalent weight 
of permanganate is one-fifth the formula weight since that 
amount has the oxidation equivalent of one gram-atomic weight 
of hydrogen ion. 

As in acidimetry, a normal solution contains one gram- 
equivalent per liter, or one gram-milliequivalent per milliliter. 
A normal solution of potassium permanganate contains 
KMn0O, 

: 
per liter of solution or 0.03161 gram (one gram-milliequivalent 
weight) per milliliter; a normal solution of ferrous sulfate contains 
FeSO, ai H,O 

I 
milliliter of 1-normal KMnO, will just oxidize one milliliter of 
t-normal ferrous sulfate solution (MnO, + 5 Fet* + 8 H*+— 
Mn++ + 5 Fet++ + 4 H.0), or of any 1-normal reducing agent, 
since they are each equal to one gram-milliatom of hydrogen. 
The product of.the number of milliliters of solution and its 
normality gives the number of gram-milliequivalents of dis- 
solved substance present, and when solution A of oxidizing 


the valence change is two. 


= 31.61 grams (= one gram-equivalent weight) of the salt 


= 278.0 grams of FeSO,: 7 H2O per liter. One 
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normality N, exactly oxidizes solution B of reducing normal- 
ity N B: 
ml, X Na = mlz X Nz (cf. acidimetry). 


It is important to note that the equivalent weight of an oxidiz- 
ing or reducing agent depends upon the reaction in which it is 
involved. Thus, as seen above, the gram-equivalent weight of 
potassium permanganate as an oxidizing agent in any reaction 

KMn0O, 





in which the manganese is reduced to manganous salt is 


= 31.61 grams. In acid solution the reduction of permanganate 

is always by 5 units of valence, but occasionally KMnOs is used 

in neutral or basic solution where the manganese is reduced to 

MnO;. In this particular case the equivalent weight of KMnO, 
KMn0O, 





is » = 52.68 grams, since the valence of manganese 


changes by only 3 units (from + 7 to + 4). 

It is also true that a given substance may have a certain 
equivalent weight when it is used as an acid or as a salt and a 
different equivalent weight when it is used as an oxidizing or 

HNO; 





reducing agent. The equivalent weight of HNO; is 


63.00 when used as an acid, but as an oxidizing agent in a reaction 


ee): See EU 
where it is reduced to NO, the equivalent weight is _ 
3 





21.00 (valence change from + 5 to + 2). 


Example. — What is the normality as an oxidizing agent of 
a solution of potassium bichromate (K,Cr,O;) containing 9.806 


' N 

grams per liter and what volume of — ferrousammonium sulfate 
10 

will 30.00 ml. of the bichromate oxidize in the presence of acid 


(Cr.O, + 6 Fet+ + 14 H+ => Crt+++ + 6 Fet++ + 7 H,0)? 


How many grams of FeSO,- (NH,)2SO,- 6 H.O are contained in 
. each milliliter of the ferrous solution? 
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Solution. — A normal solution of potassium bichromate con- 
K.Cr.0, 

ep AG°S 
grams (since there are two chromium atoms in the bichromate 
molecule, each of which changes by 3 units of valence, from 


806 
+6 to +3). Normality of the given solution = . os = 


tains one gram-equivalent weight per liter = 





0.2000 N. Ans. 


30 X 0.2000 = % XK 0.1000 
x = 60.00 ml. of ferrous solution. Ans. 


One milliliter of r-normal ferrous ammonium sulfate contains 
FeSO, S (NH,) 2904 6 H.O 


= 0. f salt. illilit 
a 0.3920 gram of salt. One milliliter 


N 
of Be solution contains 0.03920 gram. Aus. 


PROBLEMS 


64. In the reactions expressed by the following equations, what frac- 
tion of the molecular weights of the initial oxidizing and reducing sub- 
stances represents the equivalent weight in each case? (a) 2 FeCl; + 
SO, of 2 HO cara FeCl, + 2 HCl + H2SOg; (0) 2 Na2S203 + I, — 2Nal 
+ Na2S40z; (c) Mn(NOs)2 + 5 BiO» = 13 HNO; — HMnO, + 5 Bi(NOs)3 
+ 6 H,O; (d) 2 Cr(NOs)3 + 3 NaBiO; ata 4 HNO; — NaeCr20;7 + 
3 Bi(NOs)3 + NaNO; + 2H:20; (e) KBrO3+ 6 KI + 3 HO, > 3 In + 
NasAsO3 — NaCl + NaszAsO,. 

Answer: (2) 1,4; (1,435 ©4%3 O44 ©8383; (44: 
(g) 4, 3- 

6s. In the following reactions what fraction of the molecular weights of 
the initial oxidizing and reducing substances represents the equivalent 
weight in each case? (a) 2MnO; + 101-+ 16 H+ > 512+ 2 Mn** 
+8H.0; (6) 10s; +5I-+6H+—>31+3H.0; (c) CrO; +3 HS 
+ 8Ht—o2Crt+++3S8+7H:0; @ 1r0oCrt++6Mn0c + 11 H,O 
—5Cr.0O,; + 6 Mnt* + 22 Ht; (e) 2MnOw + 5 COs + 16 Ht > 
10 CO, + 2Mnt+++8H.0; (f) 2Mnt++55S,0s +8H:0 — 10SO4 
+ 2MnO, + 16 Ht. 


Answer: (a) 3,1; () 413 ©44 ©4454; ©4845 (*) 44 
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66. The following reactions take place in acid solution. Complete each 
equation by adding acid (or H+ ion) and water wherever necessary and 
balance by the change of valence method. In the case of each oxidizing 
and reducing agent state what fraction of the molecular weight gives the 
equivalent weight. (a) MnO: + H202 > Mn** + O2; (b) Cr20,7_ + 1I- 
—I,+ Crt; (© NOs + MnOc — Mntt +NO;; (d Cu+NO;- 
+Cut++NO; (¢ SO; +Bre—-SOs +Brv; (f) Fe**+ ClOs > 
Fet++ + Cl; (g) VOt+ + MnOr > VOs- + Mn*, 


67. The following reactions take place in acid solution. Complete each 
equation by adding acid and water wherever necessary and balance by 
change of valence. In the case of each oxidizing and reducing agent state 
what fraction of the molecular weight gives the equivalent weight. 
(a) Mn(NOs)2 + NaBiO3 > HMn0O, + Bi(NOs)3; () KMn0O, + H.O2 
+ H.SO, 7 MnSO, Se K2SO4 + Oz; (c) K.CrO4 -- KI + HCl ——) I, + 
CrCl; + KCl; (d) Sn+ HNO; — H2SnO; + NO + H:0; (e) K2Cr207 
+ FeCl, + HCl — KCl + FeCls + CrCls. 


68. How much water must be added to 50 ml. of a solution of nitric acid 
which is 2 N as an acid to make the resulting solution 2 N as an oxidizing 
agent? Assume reduction of the HNO; to NO. Answer: 100 ml. 


69. A solution contains 50 grams of KHC20, * H2C20,* 2 HO per liter. 
What is the normal value of the solution (a) as an acid, and (0) as a reducing 
agent? (Oxalate is oxidized to CO:.) 


Answer: (a) 0.5903 N; (0) 0.7872 N. 
70. From the following data, calculate the ratio of the nitric acid as an 
oxidizing agent to the tetroxalate solution as a reducing agent: 1 ml. HNO3 
= 1.246 ml. NaOH solution; 1 ml. NaOH = 1.743 ml. KHC.O04 + H2C20, - 
2 H,O solution; normal value NaOH = 0.1200. (Oxalate is oxidized to 
CO:.) Answer: 4.885. 


71. How many grams of KNO; per milliliter does a solution of potassium 
nitrite contain if it is tenth normal as a reducing agent? How many grams 
of SO, per liter does a sulfurous acid solution contain which is 0.05860 N as 
a reducing agent? Answer: 0.004256 gram; 1.876 grams. 


72. If 100 ml. of a solution contain 0.158 gram of pure KMnO, and 
0.490 gram of pure K2Cr.0,;, what is its normality as an oxidizing agent? 


a N 
How many milliliters of a ferrous sulfate solution will 40.0 ml. of the 


oxidizing solution oxidize in acid solution? How many grams of FeSQ,- 
7 H.0 are in each milliliter of the ferrous solution? 


Answer: 0.150 N; 60.0 ml.; 0.0278 gram. 
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73. Which is the stronger oxidizing agent, a solution containing 
0.3200 gram of KMnO; per 100 ml. or one containing 0.7200 gram of K2Cr.0;7 


N 
per 150 ml.? How many milliliters of ae stannous salt solution will 50.00 ml. 


of each of the oxidizing agents react with in acid solution to form stannic 
salt? How many grams of tin are present in each liter of the stannous salt? 


Answer: Permanganate; 50.62 ml.; 48.96ml.; 5.935 grams. 


74. What is the normality of a nitric acid solution to be used as an oxidiz- 
- ing agent (reduced to NO) if it contains 55.5 per cent by weight of HNOs 
and has a specific gravity of 1.350? Answer: 35.67 N. 


75. If 10 grams of K,Fe(CN),s*3 HO are dissolved in water and the 
volume made up to 600 ml., what is the normality of the solution as a reduc- 
ing agent? (10 K4Fe(CN)s + 2 KMnO, + 8 H2SO: > 10 K3Fe(CN). + 
6 K2SO,4 + 2 MnSO, + 8 H;0.) Answer: 0.03947 N. 


76. If 100 ml. of potassium bichromate solution (10 grams KCr2O, per 
liter), 5 ml. of 6N sulfuric acid, and 75 ml. of ferrous sulfate solution 
(80 grams FeSO,: 7 H.O per liter) are mixed, and the resulting solution 
titrated with 0.2121 N KMnO,, how many milliliters of the KMnO, solution 
will be required? Answer: 5.70 ml. 


CHAPTER XI 
PERMANGANATE PROCESS 


Potassium permanganate is a very powerful oxidizing agent 
and is capable of oxidizing quantitatively such substances as 
ferrous iron, stannous tin, mercurous mercury, oxalic acid, 
nitrites, sulfites, hydrogen sulfide, etc. These substances and 
many others can therefore be determined by titration with a 
standard solution of permanganate. In such titrations in acid 
solution permanganate is reduced to a manganous salt which, 
in dilute solution, is colorless. One drop of excess permanganate 
colors the solution a very definite pink and the appearance of 
such a color is taken as the end-point. The intense coloring 
power of permanganate and the fact: that no auxiliary indicator 
is needed makes potassium permanganate the most commonly 
used standard oxidizing solution in volumetric analysis. Its 
greatest disadvantage is its tendency to decompose slowly. 

The reaction of potassium permanganate with ferrous salts 
takes place quantitatively in the cold, acid solution as follows: 
5 Fett + MnO. + 8 Ht — 5 Fet** + Mnt+ +44H,0. The 
reaction of potassium permanganate with oxalate takes place 
quantitatively in the hot, acid solution as follows: 5 C,0,— 
+ 2Mn0O,- + 16 Ht > 10 CO, + 2 Mn++ + 8H.0. These 
two are the most common reactions of permanganate in quantita- 
tive analysis and are the fundamental reactions in the determina- 
tions by the permanganate process in this book. 

In determinations of iron, hydrochloric acid is the most effective 
solvent for dissolving iron ores, but permanganate is reduced 
by hydrochloric acid. This action, although slow in cold, dilute 
solutions is much more rapid in the presence of iron salts, which 
appear to act as catalysts. Two general procedures are used to 


- overcome this difficulty. One is to heat to fumes with an excess 
I00 
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of sulfuric acid, which serves to drive off all of the hydrochloric 
acid by volatilization. The other procedure is to titrate in cold, 
dilute solution in the presence of a large excess of manganous 
sulfate. The presence of manganous ions causes the perman- 
ganate to oxidize the ferrous ions without acting appreciably on 
the hydrochloric acid. The latter method is less time-consuming 
but the end-point is less permanent (‘‘fugitive” end-point). 
The details of both procedures are given below under the determi- 
nation of iron in limonite. 

A standard solution of ferrous sulfate or of ferrous ammo- 
nium sulfate is commonly used for back titrations in case the 
permanganate end-point is overstepped. Directions for pre- 
paring the ferrous solution and for determining its ratio to 
permanganate are given below, but it is possible to dispense with 
such a solution. In titrating any reducing solution with potas- 
sium permanganate, as each drop of permanganate falls into 
the solution there is a local coloration which almost immediately 
disappears as the solution is stirred or shaken. As the end- 
point is approached and the reducing agent is almost completely 
oxidized, the time required for the local pink coloration to disap- 
- pear becomes greater, and with a little experience the analyst 
can tell when the end-point is nearly reached. The titration is 
then continued very slowly to an exact end-point. An experi- 
enced analyst almost never prepares a back-titrating solution 
for permanganate titrations. The beginner can also dispense 
with such a solution if he titrates slowly and carefully. It is 
recommended in such cases that he titrate a few solutions of 
unweighed ferrous salt before proceeding with the standardiza- 
tions and analyses. 


PREPARATION OF STANDARD SOLUTIONS 


Approximate Strength 0.1 N 


As mentioned above, permanganate in acid solution is always 
reduced to a manganous salt and the valence of the manganese 
changes by five units, from + 7 to + 2. One-fifth of the gram- 
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molecular weight of potassium permanganate = = 31.61 


KMn0O, 
5 
grams, therefore constitutes one gram-equivalent weight and 
this amount in one liter of solution constitutes a normal solu- 
tion as an oxidizing agent. Ferrous salt is oxidized in acid 
solution to ferric salt, involving a 1-unit change in valence, 
from + 2 to +3. The gram-molecular weight of FeSO.- 7 HO 
(= 278.0 grams) or of FeSO.- (NH4)2SO1- 6 H20 (= 392.0 
grams), therefore constitutes one gram-equivalent weight of each 
of these two commonly used ferrous compounds, and this amount 
when dissolved in one liter of solution gives a 1-normal solution 

in each case. 

Procedure. — Dissolve about 3.5 grams of potassium per- 
manganate crystals in approximately 1000 ml. of distilled water 
in a large beaker, or casserole. Heat slowly and when the crys- 
tals have dissolved, boil the solution for 10-15 minutes. Cover 
the solution with a watch-glass; allow it to stand until cool, or 
preferably overnight. Filter the solution through a layer of 
asbestos. Transfer the filtrate to a liter bottle (Note 1). 

To prepare a solution of ferrous salt, pulverize about 28 grams 
of ferrous sulfate (FeSO.- 7 HO) or about 40 grams of ferrous 
ammonium sulfate (FeSO.- (NH.)2:SO.- 6 H.O), moisten with 
30 ml. of 6N sulfuric acid (Note 2) and dissolve in distilled 
water. Transfer the solution to a liter (or larger) bottle, 
make up to about 1000 ml. and shake vigorously to insure 
uniformity. 


Notes. — 1. Potassium permanganate solutions are not usually stable 
for long periods, and change more rapidly when first prepared than 
after standing several days. This change is probably caused by inter- 
action with the organic matter contained in all distilled water, except 
that redistilled from an alkaline permanganate solution. The solu- 
tions should be protected from light and heat as far as possible, since 
both induce decomposition with a deposition of manganese dioxide, 
and it has been shown that decomposition proceeds with considerable 
rapidity, with the evolution of oxygen, after the dioxide has begun 
to form. As commercial samples of the permanganate are likely to 
be contaminated by the dioxide, it is advisable to boil and filter solu- 
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tions through asbestos before standardization, as prescribed above. 
Such solutions are relatively stable. 

2. Ferrous salts in aqueous solution tend to hydrolyze and pre- 
cipitate out as basic salts. The presence of sulfuric acid prevents 
this hydrolysis. 


COMPARISON OF PERMANGANATE AND FERROUS SOLUTIONS 


Procedure. — Fill a glass-stoppered buret with the perman- 
ganate solution, observing the usual precautions, and fill a second 
buret with the ferrous sulfate solution. The permanganate 
solution cannot be used in burets with rubber tips, as a reduc- 
tion takes place upon contact with the rubber. The solution 
has so deep a color that the lower line of the meniscus cannot be 
detected; readings must therefore be made from the upper edge. 

Run out into a beaker about 40 ml. of the ferrous solution, di- 
lute to about 100 ml., add 10 ml. of dilute sulfuric acid, and run 
in the permanganate solution to a slight permanent pink. Repeat 
until the ratio of the two solutions is satisfactorily established. 


STANDARDIZATION OF POTASSIUM PERMANGANATE SOLUTION 


Commercial potassium permanganate is rarely sufficiently pure 
to admit of its direct weighing as a standard. On this account, 
and because of the uncertainties as to the permanence of its 
solutions, it is advisable to standardize them against substances 
of known value. Those in most common use are iron wire, fer- 
rous ammonium sulfate, sodium oxalate, oxalic acid, and some 
other derivatives of oxalic acid. With the exception of sodium 
oxalate, the salts all contain water of crystallization which may 
be lost on standing. They should, therefore, be freshly pre- 
pared, and with great care. At present, sodium oxalate is con- 
sidered to be one of the most satisfactory standards. 

Procedure. — Weigh out to four significant figures two por- 
tions of pure sodium oxalate of 0.25-0.30 gram each into beakers 
of about 500 ml. capacity. Add about 400 ml. of boiling water 
and 20 ml. of manganous sulfate solution (Note 1). When the 
solution of the oxalate is complete, run in the standard perman- 
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ganate drop by drop from a buret, stirring constantly until 
an end-point is reached (Note 2). Do not allow the tempera- 
ture of the solution to fall below 75° C. Make a blank test with 
20 ml. of manganous sulfate solution and a volume of distilled 
water equal to that of the titrated solution to determine the 
volume of the permanganate solution required to produce a 
very slight pink. Deduct this volume from the amount of perman- 
ganate solution used in the titration. 
From the data obtained, calculate the relation of the perman- 
ganate solution to the normal. The reaction involved is: 
5 Naz2C20.4 + 2 KMn0, + 8 H.SO. 75 Na.SO. + K.SO, 
+ 2MnSO, + 10 COz + 8 H,20. 


Notes. —1. The manganous sulfate titrating solution is made by 
dissolving 20 grams of MnSO, in 200 milliliters of water and adding 
4o ml. of concentrated sulfuric acid (sp. gr. 1.84) and 40 ml. of phos- 
phoric acid (85%). Manganous ions catalyze the oxidation of oxalate 
by permanganate. The phosphoric acid present in the reagent is of 
no effect in this titration but is essential when the reagent is used as 
a catalyst in the titration of ferrous salts in hydrochloric acid solution. 

2. The reaction between oxalates and permanganates takes place 
quantitatively only in hot acid solutions. 


STOICHIOMETRY 


In the titration of a pure substance like sodium oxalate by 
potassium permanganate solution, the number of gram-milli- 
equivalents (as an oxidizing agent) of potassium permanganate 
in the solution used must be equal to the number of gram- 
milliequivalents (as a reducing agent) of substance oxidized. 
As in acidimetry, 


mC No eee 
Mex 
or, mle X Ns X mez = gramsz. 


Example I. — What is the normality of a solution of KMnO, 
if 40.00 ml. will oxidize 0.3000 gram of NazC.0.2 What is the 


value of 1 ml. of the permanganate in terms of FeSO, 7 H.0 
_and of Fe? 
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Solution. — Permanganate oxidizes oxalate to carbon dioxide 
(see equation above). The average electrical valence of each 
carbon atom in sodium oxalate is + 3; in carbon dioxide it is 
+ 4. Each carbon changes by one unit of valence and as each 
molecule of Na2C20.4 contains 2 carbon atoms, there is a total 
change of 2 units of valence. The gram-milliequivalent weight 


NasC20,4 
2000 


of sodium oxalate is = 0.06700 gram. The number of 


gram-milliequivalent weights in 0.3000 gram of sodium oxalate 
sg 013000 





= 4.477. This must be the same as the number of 
0.06700 


gram-milliequivalent weights of permanganate in the 40.00 ml. 
of solution used. Therefore, 40.00 X N = 4.477. 
N=o.1119. Ans. 
The expression ‘‘the value of 1 ml. of the permanganate in 
terms of FeSO.,: 7H,O” means the number of grams of 
FeSO,-: 7 H,O capable of being oxidized by 1 ml. of the per- 
manganate. 


FeSO, a7 H,O 


aan = 0.03110 gram of FeSO, : 7 H.0. 


Ans. 


Eo>C OF II0' X 


When iron wire is used to standardize permanganate it is dis- 
solved in H.SO, and titrated from the ferrous to the ferric state, 
or through a valence change of one unit. 


xX O.1510 X< — = 0.006246 gram of Fe. Ans. 


Example II. — What is the normality of a solution of KMnO, 
if 40.00 ml. will oxidize that weight of potassium tetroxalate, 


N 
KHC,O,- H,C.0.4: 2 H.O, which requires 30.00 ml. of ‘i NaOH 
solution for neutralization? How many milliliters of potassium 
: wee aN eee 
binoxalate (KHC.O,+ H20) solution which is A as an acid will 


25.00 ml. of the above KMnO, oxidize? 
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Solution. — Weight of potassium tetroxalate neutralized by 
ct KHC,.O, . H.C.0,4 22 H,0° 


N 
30.00 ml. of = NaOH = 30.00 X ; x aoe 


Weight of potassium tetroxalate oxidized by 40.00 ml. of «-normal 


KHC,.O4 0 H.C.20.4 aie H,O 
KivMinOi 340.00" X 0 OC. ee a 


4000 
I KHC,0, . H.C.04 si H20 _ 
Therefore 30.00 X iy x ca 


KHC.0O.4 ‘ H.C.0O,z 2 H.O 
AO.OO SUN oo ie aa haa oe 
4000 


x = 0.5000N. Ans. 
os aN ‘ 
Potassium binoxalate which is Tee an acid (one hydrogen 


N ; 
equivalent) is > asa reducing agent (two hydrogen equivalents). 


25.00 X-a-= vx 4 
= 25.coml. Aus. 


PROBLEMS 
77. Calculate the value of 1 ml. of 0.1242 N KMnO, in terms of (a) Fe; 
(b) Fe2Os3; (c) FeSO, - 7 H:0. 
Answer: (a) 0.006934 gram; (b) o.cog917 gram; (c) 0.03451 gram. 


78. One milliliter KHC204 * H2C,04* 2 HzO = 0.2000 ml. KMnOx.. 

One milliliter KMnO. = 0.1117 gram Fe. 

What is the normality of the tetroxalate solution when used as a reducing 
agent? Answer: 0.4000 N. 


79. Calcium may be precipitated as CaC,0. : H.0, the precipitate filtered, 
washed, and dissolved in dilute H2SO,. The oxalic acid formed may be 


; e N 
titrated with potassium permanganate. If ae solution of KMnO, is used, 
calculate the value of 1 ml. in terms of (a) Ca; (b) CaO; (c) CaCOs. 
Answer: (a) 0.002004 gram; (6) 0.002804 gram; (c) 0.005004 gram. 


80. A solution of potassium permanganate is of such concentration that 
* 20,00 ml. = 0.2192 gram of KHC.0,:H.O. What is the normality of the 
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permanganate, what is the value of 1 ml. in terms of Fe, and how many 
grams of manganese are contained in each milliliter of the permanganate? 


Answer: 0.1500 N; 0.008376 gram; 0.001648 gram. 


81. How many grams of KMnO, are contained in a liter of potassium 
permanganate if a certain volume of it will oxidize a weight of potassium 


sue N 
tetroxalate requiring one-half that volume eee hydroxide solu- 
tion for neutralization? Answer: 4.214 grams, 


82. What is the normality of a solution of potassium permanganate if 
100.26 ml. will oxidize that weight of KHC.O, which requires 43.42 ml. of 
0.3010 N sodium hydroxide for neutralization? Answer: 0.2607 N. 


83. What weight of iron ore containing 56.2% Fe should be taken to 
standardize an approximately o.1 N oxidizing solution, if not more than 
47 ml. are to be used? Answer: 0.467 gram. 


84. Given two permanganate solutions. Solution A contains 0.01507 gram 
of KMnQ, per milliliter. Solution B is of such strength that 20 ml. = 0.1200 
gram Fe. In what proportion must the two solutions be mixed in order that 
the resulting solution shall have the same oxidizing power in the presence 
Vol. A 


Vol. B 

85. One-tenth gram of iron wire, 99.78% pure, is dissolved in hydro- 
chloric acid and the iron oxidized completely with bromine water. How 
“many grams of SnCl, are there in a liter of solution if it requires 9.47 ml. to 
just reduce the iron in the above? What is the normal value of the stannous 
chloride solution as a reducing agent? 


N 
of acid ak K.Cr20;7? Answer: = 1.576. 


Answer: 17.92 grams; 0.1888 N. 


DETERMINATION OF IRON IN LIMONITE 


Method A. — Reduction with Zinc 


The procedures, as here prescribed, are applicable to iron ores 
in general, provided these ores contain no constituents which are 
reduced by zinc or stannous chloride and reoxidized by perman- 
ganates. Many iron ores contain titanium, and this element 
among others interferes with the determination of iron by the 
process described. If, however, the solutions of such ores are 
treated with hydrogen sulfide or sulfurous acid, instead of zinc 
or stannous chloride, to reduce the iron, and the excess reducing 
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agent removed by boiling, an accurate determination of the 
iron can be made. 

Procedure. — Grind the mineral (Note 1) to a fine powder. 
Weigh out accurately two portions of about 0.5 gram each into 
small porcelain crucibles. Roast the ore at dull redness for ten 
minutes (Note 2), allow the crucibles to cool, and place them and 
their contents in casseroles containing 30 ml. 
of dilute hydrochloric acid (sp. gr. 1.12). 
Heat the covered casseroles at a tempera- 
ture just below boiling until the undissolved 
residue is white, or until solvent action has 
ceased. If the residue is white or known to be 
free from iron, it may be neglected and need 
not be removed by filtration. If a dark residue 
containing iron remains, collect it on a filter, 
wash free from hydrochloric acid, and ignite 
the filter in a platinum crucible (Note 3). 
Mix the ash with five times its weight of 
sodium carbonate and heat to fusion; cool, 
and disintegrate the fused mass with boil- 

ing water in the 
suetion—s crucible. Unite 
this solution and 
precipitate (if 
any) with the 
acid solution, 
Fic. 4 taking care to 
avoid loss by 
effervescence. Add 6 ml. of concentrated sulfuric acid to each 
casserole, and evaporate on the steam bath until the solution is 
nearly colorless (Note 4). Cover the casseroles and heat over 
the flame of the burner, holding the casserole in the hand and 
rotating it slowly to hasten evaporation and prevent spattering, 
until heavy white fumes are freely evolved (Note 5). Cool, add 
100 ml. of water, and boil gently until the ferric sulfate is dis- 
~ solved. 
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The dissolved iron must be reduced to the ferrous condition 
before it can be titrated with permanganate. This reduction can 
be accomplished with sulfurous acid or with hydrogen sulfide, 
afterwards boiling out the excess of the reducing agent in an 
inert atmosphere to prevent reoxidation of the iron. By far the 
most efficient and convenient reducing agent is metallic zinc, but 
for prompt and complete reduction it is essential that the iron 
solution should be brought into intimate contact with the metal. 
This is brought about by the use of a modified Jones reductor, 
as shown in Fig. 4. This reductor is a standard apparatus and 
is used in other quantitative processes. 

The tube A has an inside diameter of 18 mm. and is 300 mm. 

long; the small tube has an inside diameter of 6 mm. and ex- 
tends 100 mm. below the stopcock. At the base of the tube 
A are placed some pieces of broken glass or porcelain, covered by 
a plug of glass wool about 8 mm. thick, and upon this is placed a 
thin layer of asbestos, such as is used for Gooch filters, 1 mm. 
thick. The tube is then filled with the amalgamated zinc (Note 6) 
to within 50 mm. of the top, and on the zinc is placed a plug of 
glass wool. If the top of the tube is not already shaped like the 
mouth of a thistle-tube (B), a 60-mm. funnel is fitted into the 
tube with a rubber stopper and the reductor is connected with a 
suction bottle, F. The bottle D is a safety bottle to prevent con- 
tamination of the solution by water from the pump. After 
preparation for use, or when left standing, the tube A should be 
filled with water, to prevent clogging of the zinc. 

Prepare the reductor for use as follows: Connect the vacuum 
bottle with the suction pump and pour into the funnel at the top 
warm, dilute sulfuric acid, prepared by adding 5 ml. of con- 
centrated sulfuric acid to 100 ml. of distilled water. See that 
the stopcock (C) is open far enough to allow the acid to run 
through slowly. Continue to pour in acid until 200 ml. have 
passed through, then close the stopcock while a small quantity of 
liquid is still left in the funnel. Discard the filtrate, and again 
pass through 100 ml. of the warm, dilute acid. Test this with the 
permanganate solution. A single drop should color it perma- 
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nently; if it does not, repeat the washing, until assured that 
the zinc is not contaminated with appreciable quantities of 
reducing substances. Be sure that no air enters the reductor 
(Note 7). N 

Pour the iron solution while hot (but not boiling) through the 
reductor at a rate not exceeding 50 ml. per minute (Notes 8 and 9). 
Wash out the beaker with dilute sulfuric acid, and follow the 
iron solution without interruption with 175 ml. of the warm acid 
and finally with 75 ml. of distilled water, leaving the funnel 
partially filled. Remove the filter bottle and cool the solution 
quickly under the water tap (Note 10), avoiding unnecessary 
exposure to the oxygen of the air. Add 10 ml. of dilute sulfuric 
acid and titrate to a faint pink with the permanganate solution, 
adding it directly to the contents of the suction flask. 

From the volume of permanganate solution used, calculate the 
iron content of the limonite in terms of the percentage of Fe and 
also in terms of the percentage of Fe2Os. 


Notes. — 1. Limonite is selected as a representative of iron ores in 
general. It is a native, hydrated oxide of iron. It frequently occurs in 
or near peat beds and contains more or less organic matter which, if 
brought into solution, would be acted upon by the potassium perman- 
ganate. 

2. The preliminary roasting is usually necessary because, even though 
the sulfuric acid would subsequently char the carbonaceous matter, 
certain nitrogenous bodies are not thereby rendered insoluble in the 
acid, and would be oxidized by the permanganate. 

3. A platinum crucible may be used for the roasting of the limonite 
and must be used for the fusion of the residue. When used, it must not 
be allowed to remain in the acid solution of ferric chloride for any length 
of time, since the platinum is appreciably attacked and dissolved. 

4. The temperature of the steam bath is not sufficient to volatilize 
sulfuric acid. Solutions may, therefore, be left to evaporate over- 
night without danger of evaporation to dryness. 

5. The hydrochloric acid, both free and combined, is displaced by 
the less volatile sulfuric acid at its boiling point. Ferric sulfate sep- 
arates at this point, since there is no water to hold it in solution and 
care is required to prevent bumping. The ferric sulfate usually has a 
silky appearance and is easily distinguished from the flocculent silica 
which often remains undissolved. 
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6. The use of fine zinc in the reductor is not necessary and tends 
to clog the tube. Particles which will pass a 1o-mesh sieve, but are 
retained by one of 20 meshes to the inch, are most satisfactory. 

The zinc can be amalgamated by stirring or shaking it in a mixture 
of 25 ml. of saturated mercuric chloride solution, 25 ml. of hydrochloric 
acid (sp. gr. 1.12), and 250 ml. of water for two minutes. The solution 
should then be poured off and the zinc thoroughly washed. It is then 
ready for bottling and preservation under water. A small quantity 
of glass wool is placed in the neck of the funnel to hold back foreign 
material when the reductor is in use. 

7. The funnel of the reductor must never be allowed to empty. 
If it is left partially filled with water the reductor is ready for sub- 
sequent use after a very little washing; but a preliminary test is always 
necessary to safeguard against error. 

If more than a small drop of permanganate solution is required to 
color 100 ml. of the dilute acid after the reductor is well washed, an 
allowance must be made for the iron in the zinc. Great care must be 
used to prevent the access of air to the reductor after it has been washed 
out ready for use. If air enters, hydrogen peroxide forms, which reacts 
with the permanganate, and the results are worthless. 

8. The iron is reduced to the ferrous condition by contact with the 
zinc. The rate at which the iron solution passes through the zinc 
should not exceed that prescribed, but the rate may be increased some- 
what when the wash-water is added. It is well to allow the iron solution 
to run nearly, but not entirely, out of the funnel before the wash-water 
is added. If it is necessary to interrupt the process, the complete empty- 
ing of the funnel can always be avoided by closing the stopcock. 

It is also possible to reduce the iron by treatment with zinc in a flask 
from which air is excluded. The zinc must be present in excess of the 
quantity necessary to reduce the iron and is finally completely dis- 
solved. This method is, however, less convenient and more tedious 
than the use of the reductor. 

9. The dilute sulfuric acid for washing must be warmed ready for 
use before the reduction of the iron begins, and it is of the first impor- 
tance that the volume of acid and of wash-water should be measured. 
The volume used should always be the same in the standardizations 
and all subsequent analyses. 

10. The end-point is more permanent in cold than hot solutions, pos- 
sibly because of a slight action of the permanganate upon the man- 
ganous sulfate formed during titration. If the solution turns brown, 
it is an evidence of insufficient acid, and more should be immediately 
added. The results are likely to be less accurate in this case, however, 
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as & aensequence of secondary reactions between the ferrous iron and 
the manganese dioxide thrown down. It is wiser to discard such solutions 
and repeat the process. 


Method B — Reduction with Sicnnous Chloride 


(Zimmermann-Reinhardt Procedure) 


It has already been noted that potassium permanganate ox- 
idizes hydrochloric acid slowly in cold solution but by adding a 
large excess of manganese sulfate and titrating the very dilute, 
cold solution slowly, it is possible to titrate iron with perman- 
ganate even in the presence of chlorides. Stannous chloride can 
therefore be used for the reduction of ferric iron previous to the 
oxidation with permanganate. The explanation of the part 
played by manganous sulfate is somewhat obscure. It is possible 
that an intermediate manganic compound is formed which reacts 
rapidly with the ferrous compounds — thus in effect catalyzing 
the oxidation process. 

After reducing the iron with stannous chloride the excess of the 
latter must be removed, since otherwise it would be acted upon by 
the potassium permanganate. This is accomplished by adding 
mercuric chloride which oxidizes the excess stannous salt and is 
itself reduced to mercurous chloride. The latter is insoluble and 
has no effect upon permanganate. 

Procedure. — Grind the mineral to a fine powder. Weigh out 
two portions of about 0.5 gram each into small porcelain crucibles. 
Proceed with the solution of the ore as in Method A above, fusing 
the residue if necessary. To the hot hydrochloric acid solution 
add from a dropper a solution of stannous chloride until the ferric 
chloride has been reduced to ferrous chloride as indicated by the 
disappearance of the yellow color. Do not add more than a drop 
or two in excess. Cool completely and add rapidly about 30 ml. 
of mercuric chloride solution (Note 1). A white silky precipitate 
should be formed. If there is no precipitate, insufficient stannous 
chloride was used; if the precipitate is at all gray in color, too 
- much stannous chloride was used and the solution should be dis- 
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carded (Note 2). Allow the solution to stand for five minutes, 
dilute to about 400 ml. with cold water, add 25 ml. of manganous 
sulfate titrating solution (Note 3), and titrate the cold solution 
at once with standard potassium permanganate solution. From 
the standardization data and the values obtained in the above 
titration calculate the percentage of iron (Fe) in the limonite. 
Also express in terms of the percentage of Fe2O3. 


Notes. —1. The reactions taking place on adding stannous chloride 
and mercuric chloride are as follows: 

2 FeCls + SnClz > 2 FeCl; + SnCla 
SnCl, + 2 HgCl, > SnCls + HgeCle. 

The mercurous chloride, Hg2Cle, is precipitated as a fine white silky 
precipitate. 

2. If stannous chloride is in too great an excess, a secondary reaction 
takes place resulting in a reduction of the mercurous chloride to metallic 
mercury: 

SnCl, + HgeCl, — SnCly + 2 Hg. 
The occurrence of this secondary reaction is indicated by the darkening 
of the precipitate; and, since potassium permanganate oxidizes this 
mercury slowly, solutions in which it has been precipitated are worth- 
less for iron determinations. 

3. For the preparation of manganous sulfate titrating solution see 
Note 1 on page 104. The phosphoric acid, by forming a relatively 
un-ionized ferric phosphate, serves to destroy the yellow color of 
ferric chloride which is formed by the titration and which tends to 
obscure the end-point color. 

The solution should be allowed to stand about five minutes after 
the addition of mercuric chloride to permit the complete deposition of 
mercurous chloride. It should then be titrated without delay to avoid 
possible reoxidation of the iron by the oxygen of the air. 


STOICHIOMETRY 


When a substance (x) is analyzed by oxidation with potassium 
permanganate the product of the number of milliliters of titrat- 
ing solution (s) and its normality gives the number of gram- 
milliequivalents of permanganate used and hence of the reducing 
agent present in the sample. Multiplying this by the value in 
grams of one milliequivalent weight of the substance oxidized 
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gives the number of grams of that substance present. Dividing 
by the weight of sample and multiplying by 100 gives the 
percentage of the required substance: 


ml, X Ns X mez % a soy 
wt. sample 

Example I. — What is the percentage of iron in terms of Fe 
and of FeO; in an iron ore if 0.5000 gram of the ore after solu- 
tion in acid and complete reduction of the iron requires 25.50 ml. 
of KMnO, (1 ml. = 0.01260 gram H2C20,4- 2 H2O) for oxida- 
tion? What volume of this KMnO, would be required for a 
10.0-gram sample of 3.00% (by weight) hydrogen peroxide solu- 
tion (5 HO. + 2 MnO, + 6 H+ > 2 Mn++ + 5 O2 + 8 H20)? 


Solution. — 
0.01260 


Normality of KMn0O, = Ty HG 2 HO = 0.2000 N 


2000 


Fe 
25.50 0.2000) K = 


1000 
6.5000 X 100 = 56.96%. Ans. 

Fe.O3 

25-50 X 0.2000 X pa 
=, Mi Eeeceet ae X 100 = 81.44%. Ans. 


(Each atom of iron changes in valence by one unit.) 


H.,0, 


2000 
X 100 = 3.00 


x = 88.2 ml. Ans. 





x X 0.2000 X 


I0.0 


In H,O02 one oxygen atom may be considered to have an 
electrical valence of — 2; the other an electrical valence of zero: 
H+ — -Ot — -O- — +H. 

When HO; is reduced the zero charged oxygen atom changes 
in valence fom 0 to — 2 (i.e. forms water); when H.O; is oxidized 
- the negatively charged oxygen atom changes in valence from 
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— 2 too (i.e. forms oxygen gas). The milliequivalent weight of 
H,O2 as an oxidizing agent or as a reducing agent is therefore 
H202 
2000 


Example IT. — A KMn0O, solution has an “iron value” of 
0.005584 (i.e. 1 ml. will oxidize 0.005584 gram of iron from the 
ferrous to the ferric state). A sample of steel weighing 5.00 grams 
is dissolved in acid and the manganese is titrated in neutral 
solution with the above KMnO, by the Volhard method (3 Mn++ 
+ 2Mn0O;- + H.O > 5 MnO.+ 4H). If 20.0 ml. are re- 
quired, what is the percentage of manganese in the steel? 


0.005584 


Solution. — Normality of KMnO, = = 0.1000 N. 





I000 


When KMn0O, is used in neutral solution, however, the change 
in valence of the manganese is not 5 but 3 (from + 7 in KMnO;, to 
+4in MnO,). In this particular case therefore the normality 
of the KMnO, is 0.1000 X %. Since the titrated manganese 
changes in valence by 2 units (from + 2 to + 4) its milliequiva- 


Tae ae 
lent weight is aia 
2000 


ae 
20101 CO11CO0) X= ae 
meer ae ae X 100 = 0.66%. Ans. 
5.00 


DETERMINATION OF THE OXIDIZING POWER OF 
PYROLUSITE 


Pyrolusite, when pure, consists of manganese dioxide. Its 
value as an oxidizing agent, and for the production of chlorine, 
depends upon the percentage of MnO, in the sample. This 
percentage is usually determined by an indirect method, in which 
the manganese dioxide is reduced and dissolved by an excess of 
ferrous sulfate or oxalic acid in the presence of sulfuric acid, 
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and the unused excess determined by titration with standard 
permanganate solution. 

The method for pyrolusite also applies to several other oxidizing 
agents, for example, to the very similar PbO, and to Pb.Os 
(= PbO.- PbO) and Pb;04 (= PbO2- 2 PbO). 

Procedure. — Grind the mineral in an agate mortar until no 
grit whatever can be detected under the pestle (Note 1). Weigh 
out accurately two portions of about 0.5 gram each into 500 ml. 
beakers. Calculate in each case the weight of oxalic acid 
(H2C.0,- 2 HO) or of sodium oxalate (NazC.0,) theoretically 
required to react with the weights of pyrolusite taken: 

MnO2 + C20, + 4 H+ — Mn+ + 2 CO, + 2 H,0. 

Weigh out about o.2 gram in excess of this quantity of pure 
oxalic acid or sodium oxalate into the corresponding beakers, 
weighing accurately and recording the weight in the notebook. 
Pour into each beaker 25 ml. of water and 50 ml. of 6 N sulfuric 
acid, cover and warm the beaker and its contents gently until the 
evolution of carbon dioxide ceases (Note 3). If a residue remains 
which is sufficiently colored to obscure the end-reaction of the 
permanganate, it must be removed by filtration. 

Finally, dilute the solution to 200-300 ml., heat the solution 
to a temperature just below boiling, add 15 ml. of a manganese 
sulfate solution and while hot, titrate for the excess of oxalic 
acid with standard permanganate solution (Note 4). 

From the data obtained calculate the percentage of MnO, in 
the pyrolusite. 


Notes. — 1. The success of the analysis is largely dependent upon 
the fineness of the powdered mineral. If properly ground, solution 
should be complete in fifteen minutes or less. 

2. A moderate excess of oxalic acid above that required to react with 
the pyrolusite is necessary to promote solution; otherwise the residual 
quantity of oxalic acid would be so small that the last particles of the 
mineral would scarcely dissolve. It is also desirable that a sufficient 
excess of the acid should be present to react with a considerable volume 
of the permanganate solution during the titration, thus increasing the 
accuracy of the process. On the other hand, the excess of oxalic acid 
should not be so large as to react with more of the permanganate solu- 
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tion than is contained in a 50 ml. buret. If the pyrolusite under ex- 
amination is known to be of high grade, say 80 per cent pure, or above, 
the calculation of the oxalic acid needed may be based upon an as- 
sumption that the mineral is all MnO». If the quality of the mineral 
is unknown, it is better to weigh out three portions instead of two and 
to add to one of these the amount of oxalic prescribed, assuming com- 
plete purity of the mineral. Then run in the permanganate solution 
from a pipet or buret to determine roughly the amount required. 
If the volume exceeds the contents of a buret, the amount of oxalic 
acid added to the other two portions is reduced accordingly. 

3. Care should be taken that the sides of the beaker are not over- 
heated, as oxalic acid would be decomposed by heat alone if crystalliza- 
tion should occur on the sides of the vessel. Strong sulfuric acid also 
decomposes the oxalic acid. The dilute acid should, therefore, be 
prepared before it is poured into the beaker. 

4. Ferrous ammonium sulfate, ferrous sulfate, or iron wire may be 
substituted for the oxalic acid. The reaction is then the following: 

2 FeSO, + MnO: + 2 H.SO4 — Fe2(SO.)s + MnSO, + 2 H20, 

or 2 Fett + MnO, + 4 Ht — 2 Fet*++ + Mn** + 2 HO. 

The excess of ferrous iron may also be determined by titration with 
potassium bichromate, if desired. Care is required to prevent the 
oxidation of the iron by the air, if ferrous salts are employed. 


STOICHIOMETRY 


The determination of the oxidizing power of pyrolusite in terms 
of manganese dioxide is an indirect process in that the manganese 
dioxide or its equivalent is not titrated directly. Other things 
being equal, the less the percentage of manganese dioxide in 
the sample, the greater the buret reading. The reducing agent 
(oxalate or ferrous salt) can be weighed out and added in crvstal- 
line form as in the directions above, or a solution of these reducing 
agents can be prepared and a definite volume can be added to the 
sample. In either case, the calculation of the percentage of 
manganese dioxide is best made by calculating or experimentally 
determining the volume of the permanganate equivalent to all of 
the reducing agent added and subtracting the volume of perman- 
ganate used for the excess. This difference is equal to the volume 
of permanganate equivalent to the manganese dioxide in the 
sample. 
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In calculating analyses of Pb.O3 (= PbO, PbO) and of Pb3O,4 
(= PbO,: 2 PbO) it should be noted that the milliequivalent 
weight of each of these substances is the molecular weight divided 
by 2000, even though more than one atom of lead is present in the 
molecule. Only one atom of lead in the molecule in each case 
is reduced by the reducing agent (from +4 to +2). The 
remaining lead is already in the divalent state. 


Example I.— A sample of pyrolusite weighs 0.5000 gram. 
To this is added 0.8500 gram of oxalic acid and dilute sulfuric 
acid. After solvent action has ceased, the excess oxalic acid is 


titrated with 45.00 ml. of ~ KMnO,. Calculate the oxidizing 


power of the pyrolusite in terms of % MnOz. 


N 
Solution. — Volume of aa KMn0O, equivalent to 0.8500 gram 


0.8500 
H.C.0,- 2 H,O 


2000 


of oxalic acid = = 135.0 ml. 


©.1000 X 


Volume KMnO, used = 45.00 ml. 

Net volume of KMnO, = volume equivalent to the oxalic acid 
which in turn is equivalent to the MnO, present = 135.0 — 45.00 
= 90.00 ml. 

MnO, 


90.00 X 0.1000 X 
2000 


ice X 100 = 78.23%. Ans. 
Or, number of gram-milliequivalents of oxalic acid added = 


0.8500 eis 
H.C20,4+ 2 H.O a 3:50. 


2000 


Number of gram-milliequivalents of KMnO, used = 45.00 
X 0.1000 = 4.500. 

Net number of gram-milliequivalents = 13.50 — 4.500 = 9.000 
- = number of gram-milliequivalents of MnQ, present. 
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MnO, 
2000 
0.5000 





9.000 X 
X 100 = 78.23%. Ans. 


Example II. — A sample of red lead (Pb304) containing only 
inert impurities weighs 3.500 grams. To this is added a pipetful 
of a solution of ferrous ammonium sulfate and a sufficient vol- 
- ume of dilute sulfuric acid. After solvent action has ceased, 


the excess ferrous salt requires 3.05 ml. of = KMn0Q,. A similar 


pipetful of the above ferrous solution when titrated directly 
with the KMnO, requires 48.05 ml. Calculate the percentage 
of PbO, in the red lead. 


Solution. — 48.05 — 3.05 = 45.00 = net ml. of KMnO, equiv- 
alent to that part of the ferrous solution which is equivalent to 
the Pb304. 


x I x Pb30,4 
ABER 5 2000 


xX 100 = 88.15%. Ans. 
3-500 


PROBLEMS 


86. In the analysis of an iron ore containing 60.0% Fe:Os, a sample weigh- 
ing 0.5000 gram is taken and the iron is reduced with sulfurous acid. On 
account of failure to boil out all the excess SOz, 38.60 milliliters of 0.1 N 
KMnO, were required to titrate the solution. What was the error, per- 
centage error, and what weight of sulfur dioxide was in the solution? 


Answer: (a) 1.60%; (6) 2.67%; (c¢) 0.00322 gram. 


87. If a 0.5000-gram sample of limonite containing 59.50 per cent Fe:Os 
requires 40 ml. of KMn0O, to oxidize the iron, what is the value of 1 ml. of 
the permanganate in terms of (a) Fe, (6) H2C204° 2 HO? 

Answer: (a) 0.005189 gram; (0) 0.005859 gram. 

88. Determine the percentage of iron in a sample of limonite from the 
following data: Sample = 0.5000 gram. KMn0O, used = 50.00 ml. 1 ml. 
KMn0O, = 0.005317 gram Fe. FeSO, used = 6.00 ml. 1 ml. FeSO, = 
0.009200 gram FeO. Answer: 44.60%. 
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89. If 1 gram of a silicate yields 0.5000 gram of FeO; and Al,O; and 
the iron present requires 25.00 ml. of 0.2000 N KMnO,, calculate the percent- 
age of FeO and AlI,Os in the sample. 

Answer: 35.89% FeO; 10.03% AlOs. 
go. A sample of ore is analyzed for calcium by precipitating as calcium 
oxalate, dissolving the precipitate in H»SO,, and titrating the resulting 
oxalic acid with KMnO.. What weight of ore must be taken so that one- 


N : : 
half the number of milliliters of er KMn0O,j required shall be twice the per- 


centage of CaO in the sample? Answer: 1.121 grams. 


gt. A sample of hydrogen peroxide weighing 2.50 grams is titrated with 
uv KMn0O, (5 H2O2 + 2 MnOs + 6 H* = 2 Mn*++ 502+ 8H.0). If 
Io 


the volume (measured under standard conditions) of oxygen evolved is 
50.4 ml., what volume of KMnO, was used and what is the percentage of 
HO, in the sample? Answer: 45.0 ml.; 3.06%. 


92. A sample of potassium binoxalate (KHC.O. + H.O) containing inert 
impurities requires the same volume of. titrating solution whether it is 
titrated with a certain solution of KOH or with a solution of KMnO, (of 
which 40.00 ml. are required for a half-gram sample of limonite containing 
79.84% Fe203). What volume of the KOH solution would be required to 
neutralize 60.00 ml. of potassium tetroxalate (KHC20.* HeC204* 2 H20) 
solution which is 0.04000 normal as a reducing agent? 


Answer: 28.80 ml. 


93. What should be the value of one milliliter of a solution of potassium 
permanganate in terms of iron so that when the permanganate is used to 
titrate a o.2000-gram sample of impure Na2SOz3 (sulfite is oxidized to sul- 
fate), the percentage of SO2 in the sample can be found by multiplying 
the buret reading by 2? Answer: 0.006974 gram. 


94. In analyzing a sample of ore containing manganese by titrating 
the latter in neutral solution (Volhard method) with standard KMnO, 
(3 Mn*+* + 2 MnOs + 2H,O > 5 MnO. + 4H+) what weight of ore 
should be taken so that the percentage of manganese will be one-tenth of 
the buret reading? The KMnO,j is of such normality that in titrating 
one gram of any sample of impure NaNO, in acid solution the volume 
required is the same as the percentage of NaNO: in the sample. 


Answer: 4.776 grams. 


95. The determination of manganese in steel can be carried out by 
several methods. In one such method (persulfate method) the manganese 
-in the steel is oxidized by excess ammonium persulfate to permanganate, 
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the excess persulfate is destroyed by boiling, a pipetful of ferrous sulfate 
is added, and the excess ferrous solution titrated with standard permanga- 
nate. In another method (Volhard method) the manganese in the steel is 
titrated directly in neutral solution with standard permanganate: 3 Mn** 
+2Mn0O, + 2H,O—>5Mn0O.+ 4H". If with a 2.00-gram sample of 


N 
steel, analyzed by the persulfate method, a s5o-ml. pipetful of 50 tous 
oO 


sulfate solution is used and the volume of KMnO, (1 ml. = 0.005584 gram 
Fe) required is 15.0 ml., what is the percentage of manganese in the steel? 
Using the same weight of sample and the same KMnOu, what would be the 
buret reading if the Volhard method were used? 
Answer: 0.55%; 6.66 ml. 
96. A sample of pyrolusite weighing 0.6000 gram is treated with 0.9000 
gram of oxalic acid. The excess oxalic acid requires 23.95 ml. of perman- 
ganate (1 ml. < 0.03038 gram FeSO. 7 H20). What is the percentage of 
MnO; in the sample? Answer: 84.47%. 
97. To a sample of pyrolusite weighing 0.2500 gram a certain weight of 
pure oxalic acid (H2C20,- 2 HO) is added and after reaction in acid solu- 
tion is complete, the excess oxalic acid requires 30.00 ml. of KMnOx (1 ml. = 
0.01960 gram FeSO. (NH,)2SO4* 6 H,0) for oxidation. If the pyrolusite 
is known to contain 86.93% MnOz, what weight of oxalic acid was added? 
Answer: 0.4095 gram. 


98. In the analysis of a 0.300-gram sample of pyrolusite, 60.0 ml. of a 
solution of ferrous ammonium sulphate were used and after reaction was 
complete, 15.0 ml. of KMnO, were required for the excess ferrous iron. 
The original ferrous solution contained 0.0392 gram of the pure hydrated 
crystals per milliliter. 40.0 ml. of the KMnO, will oxidize 30.00 ml. of 


N 
KHC.O;, solution which is 708 an acid. Calculate the percentage of Mn 


in the pyrolusite. Answer: 34.47%. 


99. A 2.00-gram sample of lead sesquioxide (= Pb:O3 = PbO2+ PbO) 
containing only inert impurities is treated with 20.0 ml. of 6 N H2SO,, and 
one so-ml. pipetful of oxalic acid solution (containing 0.0126 gram H2C20.° 
2H.0 per ml.) is added. After complete reaction, the solution requires 


that volume of *. KMnQ, which would oxidize 30.0 ml. of potassium tetrox- 
alate solution (40.0 ml. KHC.0,* H2C.04* 2 H:0 solution = 20.0 ml. 
~ NaO#). Calculate the purity of the sample in terms of the percentage 
of Pb and also of Pb2O3. Answer: 82.8% Pb; 92.4% Pb:Oz. 
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100. Calculate the normality of the KMnO, and express the percentage 
of lead (Pb) in a sample of red lead (Pb3O,) from the following data: Sample 
=A grams; H,C,0,:2H.0 used to reduce the quadrivalent lead = 
B grams; KMn0, used for the excess oxalic acid = C ml. The KMn0 is 
of such strength that when titrating hydrogen peroxide, the buret reading 
is equal to the volume of oxygen gas (standard conditions) liberated. 
(s HO. + 2 MnO, + 6 Ht > 2 Mn** + 5 02+ 8 HO.) 


3 Pb 
— (C X 0.08930) | X —— X I0o 
0.06300 2000 
Answer: 0.08930 N; a 








CHAPTER XII 


BICHROMATE PROCESS 


Like potassium permanganate, potassium bichromate is a 
powerful oxidizing agent, and it has certain advantages over 
permanganate, especially in the titration of ferrous iron. One 
advantage is its stability and another is that ferrous iron can 
be titrated in cold, dilute hydrochloric acid solution without 
danger of oxidizing any of the chloride. The reaction is as 
follows 6 Fete CrO;-4- 147H* — 6 Fett + 2 Crit 
7H,O. The principal disadvantage is that there has not yet 
been found an entirely satisfactory internal indicator to indicate 
the completion of the oxidation, particularly since the solution 
becomes green due to the formation of chromic ions. Diphenyl- 
amine sulfonic acid can be used under certain conditions, but 
for the titration of iron it is satisfactory and convenient to use 
‘an outside indicator, namely, a dilute solution of potassium 
ferricyanide, which, when tested with minute amounts of the 
solution, gives a blue color only so long as ferrous ions are pres- 
ent: 3 Fett + 2 Fe(CN)s——- > Fes[Fe(CN)e]2, Its limited 
applicability due to lack of convenient indicator lessens the 
general usefulness of the bichromate process, but for the deter- 
mination of iron and indirectly of certain oxidizing agents, the 
bichromate process is capable of excellent results. Its greatest 
usefulness is in potentiometric titrations. 

Since it is usually impossible to reach the end-point directly 
without overstepping, a solution of ferrous salt must be used for 
back titration. 

As shown by the equation above, when bichromate is reduced 
in acid solution the chromium is reduced in valence from + 6 in 
the bichromate radical to + 3 in the chromic compound formed. 


The change in valence of each chromium is therefore 3 units, 
123 
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and of the whole bichromate molecule is 6 units. The gram- 
equivalent weight of potassium bichromate is Asin: = 49.03 
grams and this amount in a liter of solution constitutes a normal 
solution as an oxidizing agent. 

As in the permanganate process the gram-equivalent weight 
of ferrous sulfate and of ferrous ammonium sulfate is equal to 
the gram-molecular weight. 

The calculations involving ratios of solution, standardization, 
and analyses are in principle the same as under the permanganate 
process. 


PREPARATION OF SOLUTIONS 


Approximate Strength o.1 N 


It is possible to purify commercial potassium bichromate by 
recrystallization from hot water. It must then be dried and 
cautiously heated to fusion to expel the last traces of moisture, 
but not sufficiently high to expel any oxygen. The pure salt 
thus prepared, may be weighed out directly, dissolved, and the 
solution diluted in a graduated flask to a definite volume. In 
this case no standardization is made, as the normal value can 
be calculated directly. It is, however, customary to standardize 
a solution of the commercial salt by comparison with some sub- 
stance of definite composition, as described below. 

Procedure. — Pulverize about 5 grams of potassium bichro- 
mate of good quality. Dissolve the bichromate in distilled water, 
transfer the solution to a liter (or larger) bottle, and dilute to 
approximately tooo ml. Shake thoroughly until the solution is 
uniform, 

To prepare the solution of the reducing agent, pulverize about 
28 grams of ferrous sulfate (FeSO,- 7 HO) or about 4o grams 
of ferrous ammonium sulfate (FeSO,- (NH,)2SO,: 6 H,0), 
moisten with 30 ml. of 6 N H»SO, and dissolve in distilled 
water. Transfer the solution to a liter (or larger) bottle, 
make up to about 1000 ml. and shake vigorously to insure uni- 

‘formity. 
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PREPARATION OF INDICATOR SOLUTION 


An outside indicator solution is employed to which drops of 
the titrated solution are transferred for testing. The reagent 
used is potassium ferricyanide, which produces a blue precipitate 
(or color) with ferrous compounds as long as there are unoxidized 
ferrous ions in the titrated solution. Drops of the indicator 
solution are placed upon a glazed porcelain tile, or upon white 
cardboard which has been coated with paraffin to render it 
waterproof, and drops of the titrated solution are transferred 
to the indicator on the end of a stirring rod. When the oxidation 
is nearly completed only very small amounts of the ferrous 
compounds remain unoxidized and the reaction with the indi- 
cator is no longer instantaneous. It is necessary to allow a brief 
time to elapse before determining that no blue color is formed. 
Thirty seconds is a sufficient interval, and should be adopted 
throughout the analytical procedure. If left too long, the com- 
bined effect of light and dust from the air will cause a reduction 
of the ferric compounds already formed and a resultant blue 
will appear which misleads the observer with respect to the 
true end-point. 

' The indicator solution must be highly diluted, otherwise its 
own color interferes with accurate observation. 

Procedure. — Prepare a fresh solution, as needed each day, 
by dissolving a crystal of potassium ferricyanide about the size 
of a pin’s head in 25 ml. of distilled water. The salt should be 
carefully tested with ferric chloride for the presence of ferro- 
cyanides, which give a blue color with ferric salts. 

If necessary, the ferricyanide can be purified by adding to its 
solution a little bromine water and recrystallizing the compound. 


COMPARISON OF OXIDIZING AND REDUCING SOLUTIONS 


Procedure. — Fill the burets, observing the general procedure 
with respect to cleaning and rinsing already prescribed. The 
bichromate solution is preferably to be placed in a glass-stoppered 
buret. 
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Run out from a buret into a beaker of about 300 ml. capacity 
nearly 4o ml. of the ferrous solution, add 15 ml. of dilute hydro- 
chloric acid (sp. gr. 1.12) and 150 ml. of water and run in the 
bichromate solution from another buret, Since both solutions 
are approximately tenth-normal, 35 ml. of the bichromate solu- 
tion may be added without testing. Test at that point by remov- 
ing a very small drop of the iron solution on the end of a stirring 
rod, mixing it with a drop of indicator on the tile (Note 1). If 
a blue precipitate appears at once, 0.5 ml. of the bichromate 
solution may be added before testing again. The stirring rod 
which has touched the indicator should be dipped in distilled 
water before returning it to the iron solution. As soon as the 
blue appears to be less intense, add the bichromate solution in 
small portions, finally a single drop at a time, until the point is 
reached at which no blue color appears after the lapse of thirty 
seconds from the time of mixing solution and indicator. At the 
close of the titration a large drop of the iron solution should be 
taken for the test. To determine the end-point beyond any 
question, as soon as the thirty seconds have elapsed remove 
another drop of the solution of the same size as that last taken 
and mix it with the indicator, placing it beside the last previous 
test. If this last previous test shows a blue tint in comparison 
with the fresh mixture, the end-point has not been reached; 
if no difference can be noted, the reaction is complete. Should 
the end-point be overstepped, a little more of the ferrous solu- 
tion may be added and the end-point definitely fixed. 

From the volumes of the solutions used, after applying cor- 
rections for buret readings, and, if need be, for the temperature 
of solutions, calculate the value of the ferrous solution in terms 
of the oxidizing solution. 


Note. — x. The accuracy of the work may be much impaired by 
the removal of unnecessarily large quantities of solution for the tests. 
At the beginning of the titration, while much ferrous iron is still present, 
the end of the stirring rod need only be moist with the solution; but at 
the close of the titration drops of considerable size may properly be 
taken for the final tests. The stirring rod should be washed to prevent 
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transfer of indicator to the main solution. This cautious removal of 
solution does not seriously affect the accuracy of the determination, as 
it will be noted that the volume of the titrated solution is about 200 ml. 
and the portions removed are very small. Moreover, if the procedure 
is followed as prescribed, the concentration of unoxidized iron decreases 
very rapidly as the titration is carried out so that when the final tests 
are made, though large drops may be taken, the amount of ferrous 
iron is not sufficient to produce any appreciable error in results. 

If the end-point is determined as prescribed, it can be as accurately 
fixed as that of other methods; and if a ferrous solution is at hand, the 
titration need consume hardly more time than that of the permanga- 
nate process. 


STANDARDIZATION OF POTASSIUM BICHROMATE SOLUTIONS 


Selection of a Standard 


As in the permanganate process, a substance which will serve 
satisfactorily as a standard must be of accurately known compo- 
sition and definite in its behavior as a reducing agent, and it must 
be permanent against oxidation in the air, at least for considerable 
periods. Such standards may take the form of pure crystalline 
salts, such as ferrous ammonium sulfate, or may be in the form 
of iron wire or an iron ore of known iron content. It is not neces- 
_ sary that the standard should be of 100 per cent purity, provided 
the content of the active reducing agent is known and no inter- 
fering substances are present. 

The two substances most commonly used as standards for a 
bichromate solution are ferrous ammonium sulfate and iron 
wire. A standard wire can be purchased in the market which 
answers the purpose well, and its iron content may be deter- 
mined for each lot purchased by a number of gravimetric deter- 
minations. It may best be preserved in tubes containing calcium 
chloride, but this must not be allowed to come into contact with 
the wire. It should, however, even then be examined carefully 
for rust before use. 

If pure ferrous ammonium sulfate is used as the standard, 
clear crystals only should be selected. It is perhaps even better 
to determine by gravimetric methods once for all the iron content 
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of a large commercial sample which has been ground and well 
mixed. This salt is permanent over long periods if kept in stop- 
pered containers. 


Method A — Against Iron Wire 


Procedure. — Weigh out accurately two portions of iron wire 
of about 0.24-0.26 gram each, examining the wire carefully for 
rust. It should be handled and wiped with filter paper (not 
touched by the fingers), should be weighed on a watch-glass, and 
be bent in such a way as not to interfere with the movement of 
the balance. 

Place 30 ml. of hydrochloric acid (sp. gr. 1.12) in each of two 
300 ml. Erlenmeyer flasks, cover them with watch-glasses, and 
bring the acid just to boiling. Remove them from the flame 
and drop in the portions of wire, taking great care to avoid 
loss of liquid during solution. Boil for two or three minutes, 
keeping the flasks covered (Note 1), then wash the sides of the 
flasks and the watch-glass with a little water and add stannous 
chloride and mercuric chloride exactly as in the determination of 
iron in limonite by the permanganate process, page 112. (Read 
the notes covering this determination.) Very little stannous 
chloride will be used in this case since most of the iron is already 
in the ferrous condition. After the addition of mercuric chloride 
allow the solution to stand five minutes, dilute with 150 ml. of 
water, and then (without adding manganous sulfate solution) | 
titrate without further delay. Add about 35 ml. of the standard 
solution at once and finish the titration as prescribed above. 

From the corrected volumes of the bichromate solution re- 
quired to oxidize the iron actually known to be present in the 
wire, calculate the relation of the standard solution to the normal. 

Repeat the standardization until the results are concordant 
within at least two parts in one thousand. 


Note. — 1. The hydrochloric acid is added to the ferrous solution 
to insure the presence of at least sufficient free acid for the titration, as 
expressed by the equation on page 100. 
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The solution of the wire in hot acid and the short boiling insure the 
removal of compounds of hydrogen and carbon which are formed from 
the small amount of carbon in the iron. These might be acted upon by 
the bichromate if not expelled. 


Method B — Against Ferrous Sulfate 


Weigh out accurately about 0.8 gram of pure ferrous sulfate 
(FeSO,- 7 H,O), or about 1.2 grams of pure ferrous ammonium 
sulfate (FeSO.- (NH,).SO,- 6 H,O) into 250 ml. beakers. 
Moisten with 1o ml. of dilute sulfuric acid and dissolve in too ml. 
of water. Titrate without delay, adding about 35 ml. of the 
bichromate at once and finishing the titration as prescribed 
above. 

From the corrected volume of the bichromate solution required 
to oxidize the iron in the salt calculate the normality of the 
bichromate. 

Repeat the standardization until the results are concordant 
to at least two parts per thousand. 


DETERMINATION OF IRON IN LIMONITE 


Procedure. — Grind the mineral to a fine powder and proceed 
with its solution in hydrochloric acid as in the analysis of limonite 
by the Zimmermann-Reinhardt permanganate process (page 112). 
Add stannous chloride and mercuric chloride exactly as given in 
that procedure, and after letting the solution stand five minutes, 
dilute to 200 ml. and titrate at once with the standard bichro- 
mate. No manganous sulfate solution is necessary. 

From the standardization data and the titration values calcu- 
late the iron content of the limonite in terms of the percentage of 
Fe and of Fe,03. Read the notes pertaining to the analysis of 
limonite by the permanganate process. 


STOICHIOMETRY 


The calculations involved in the analysis of limonite by the 
bichromate process are essentially the same as in the permanga- 
nate process. 
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DETERMINATION OF CHROMIUM IN CHROME 
IRON ORE 


Chromite (“‘chrome iron ore’’) is essentially ferrous chromite, 
Fe(CrO.)2 or FeO: Cr,03. When fused with a strong oxidizing 
alkaline flux like sodium peroxide, leached with water and 
acidified, the iron is in solution as ferric salt and the chromium 
as bichromate: 


2 FeO + Na,O2 — 2 NaFeO2 

Cr2O3 + 3 NazO2 > 2 NaeCrO, + Na,O 

NaFeO,. + 2 H.O — Fe(OH); + NaOH 

2 Fe(OH)3 bh 3 H.SO,z —> Fee(SOx)3 + 6 H,O 

2 Naz2CrO. + H.SO. ee Na2Cr.0; + Na.SO4 + HO. 


By adding an excess of ferrous solution the value of which is 
known in terms of standard bichromate solution, the bichromate 
ions are reduced to chromic ions (Cr,O;= + 6 Fet+ + 14 H+ > 
2 Crt++ + 6 Fet++ + 7 H.O) and the excess ferrous solution can 
be titrated with standard bichromate solution using ferricyanide 
as an outside indicator in the usual way. This is therefore an 
indirect process similar in principle to the analysis of pyrolusite. 

Chromite can be analyzed by the permanganate process, 
i.e. by titrating the highly diluted excess ferrous solution with 
standard potassium permanganate, although the deep color of 
the solution tends to mask the end-point. As we shall see, chro- 
mite can be analyzed by a direct iodimetric process. 

Procedure. — Grind the chrome iron ore (Note 1) in an agate 
mortar until no grit is perceptible under the pestle. Weigh out 
two portions of 0.5 gram each into iron crucibles which have 
been scoured inside until bright (Note 2). Weigh out on a watch- 
glass (Note 3), using the rough balances, 5 grams of dry sodium 
peroxide for each portion, and pour about three-quarters of the 
peroxide upon the ore. Mix the ore and flux by thorough stirring 
with a dry glass rod. Then cover the mixture with the remainder 
of the peroxide. Place the crucible on a triangle and raise the 
temperature slowly to the melting point of the flux, using a low 
flame, and holding the lamp in the hand (Note 4). Maintain 
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the fusion for five minutes, and stir constantly with a stout iron 
wire, but do not raise the temperature above moderate redness 
(Notes 5 and 6). 

Allow the crucible to cool until it can be comfortably handled 
(Note 7) and then place it in a 600 ml. beaker, and cover it with 
distilled water (Note 8). The beaker must be carefully covered 
to avoid loss during the disintegration of the fused mass. When 
- the evolution of gas ceases, rinse off and remove the crucible; 
then heat the solution while still alkaline to boiling for fifteen 
minutes. Allow to cool for a few minutes; then acidify with 
6 N sulfuric acid, adding 1o ml. in excess of thc amount necessary 
to dissolve the ferric hydroxide (Note 9). Filter if a dark-colored 
residu. is present (Note 10). Dilute to 200 ml., cool, add from a 
buret an excess of a standard ferrous solution, and titrate the 
excess with a standard solution of potassium bichromate, using 
the outside indicator (Note 11). 

From the corrected volumes of the two standard solutions, and 
their relations to normal solutions, calculate the percentage of 
chromium in the ore. 


Notes. — 1. Chrome iron ore must be reduced to a state of fine 
subdivision to insure a prompt reaction with the flux. 

2. The scouring of the iron crucible is rendered much easier if it is 
first heated to brigut redness and plunged into cold water. In this 
process oily matter is burned off and adhering scale is caused to chip 
off when the hot crucible contracts rapidly in the cold water. 

3. Sodium peroxide must be kept away from balance pans and should 
not be weighed out on paper, as is the usual practice in the rough 
weighing of chemicals. If paper to which the peroxide is adhering 
is exposed to moist air, it is likely to take fire as a result of the absorp- 
tion of moisture, and consequent evolution of heat and liberation of 
oxygen. 

4. The lamp should never be allowed to remain under the crucible, as 
this will raise the temperature to a point at which the crucible itself is 
rapidly attacked by the flux and burned through. 

5. The sodium peroxide acts as both a flux and an oxidizing agent. 
The chromic oxide is dissolved by the flux and oxidized to chromic 
anhydride (CrO;) which combines with the alkali to form sodium 
chromate. The iron is oxidized to the ferric condition. 
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6. The sodium peroxide cannot be used in porcelain, platinum, or 
silver crucibles. It attacks iron and nickel as well; but crucibles made 
from these metals may be used if care is exercised to keep the tempera- 
ture as low as possible. Preference is here given to iron crucibles, be- 
cause the resulting ferric hydroxide is more readily brought into solution 
than the nickelic oxide from a nickel crucible. The peroxide must be 
dry, and must be protected from any admixture of dust, paper, or 
organic matter of any kind, otherwise explosions may ensue. 

7. When an iron crucible is employed it is desirable to allow the 
fusion to become nearly cold before it is placed in water, otherwise 
scales of magnetic iron oxide may separate from the crucible, which by 
slowly dissolving in acid forms ferrous sulfate, which reduces the 
chromate. 

8. Upon treatment with water the chromate passes into solution, the 
ferric hydroxide remains undissolved, and the excess of peroxide is de- 
composed with the evolution of oxygen. The subsequent boiling insures 
the complete decomposition of the peroxide. Unless this is complete, 
hydrogen peroxide is formed when the solution is acidified, and this 
reacts with the bichromate, reducing it and introducing a serious error. 

9. The addition of the sulfuric acid converts the sodium chromate 
to bichromate, which behaves exactly like potassium bichromate in 
acid solution. 

10. If manganese is present in the ore it will form MnO; after fusing 
and acidifying. If this MnO, is not filtered off, it will be reduced by 
the ferrous sulfate and will therefore give a high chromium value for 
the ore. 

11. If a standard solution of a ferrous salt is not at hand, a weight 
of iron wire somewhat in excess of the amount which would be required 
if the chromite were pure FeO + Cr.O3 may be weighed out and dissolved 
in sulfuric acid; after reduction of all the iron by stannous chloride 
and the addition of mercuric chloride, this solution may be poured into 
the chromate solution and the excess of iron determined by *’tration 
with standard bichromate solution. 


STOICHIOMETRY 


The analysis of chromite by the bichromate process is an 
indirect process in that the excess of ferrous solution over that 
required to react with the desired constituent is titrated. The 
gram-milliequivalent weight of chromium is one-third the gram- 
atomic weight since in the titration the valence of the chromium 
changes by 3 units (from + 6 to + 3). 
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Example. — What is the percentage of Cr in a sample of 
chromite if a o.5000-gram sample after fusion in the regular way 
is treated with 50.00 ml. of 0.1200 N ferrous ammonium sulfate 
solution and the excess requires 15.05 ml. of KeCr,0; solution 


(1 ml. = 0.006000 gram Fe)? Express also in terms of per cent 
Cr.03. 




















Solution. — Normality of K2Cr.0; = coors = 0.1075 N 
1X 
1000 
50.00 ml. of 0.1200 N ferrous soln. = 50.00 X ——— 
0.1075 
Be 55-81 ml. K,Cr.07 
Cr 
(55.82 — 15.05)0.1075 X ae 
3 X 100 = 15.20% Cr. Ans. 
0.5000 
Cr.0 
(55.81 — 15.05)0.1075 X - 
X 100 = 22.20% CroO3. Ans. 
0.5000 
PROBLEMS 


tor. In the standardization of a K2Cr.0, solution against iron wire, 
99-85% pure, 42.42 ml. of the solution were added. The weight of the wire 
used was 0.2200 gram. 3.27 ml. of a ferrous sulfate solution having a nor- 
mal value as a reducing agent of 0.1011 were added to complete the titration. 
Calculate the normal value of the K2Cr2O;. Answer: 0.1006 N. 


102. One gram of a pure oxide of iron is fused with potassium acid sulfate 
and the fusion dissolved in acid. The iron is reduced with stannous chloride, 
mercuric chloride is added, and the iron titrated with a normal K2Cr.0, 
solution. 12.94 ml. were used. What is the formula of the oxide, FeO, 
Fe.0s, or Fe30.? Answer: Fe304. 


103. If an element has 98 for its atomic weight, and after reduction 
with stannous chloride can be oxidized by bichromate to a state corre- 
sponding to an XO, anion, compute the oxide, or valence, corresponding 
to the reduced state from the following data: 0.3266 gram of the pure 
element, after being dissolved, was reduced with stannous chloride and 
oxidized by 4o ml. of K2Cr2O;, of which 1.0c ml. = 0.1960 gram of FeSO,° 
(NH,)2SOq * 6 H20. Answer: Monovalent. 
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104. In the analysis of a sample of limonite by potassium bichromate 
solution (1 ml. = 0.01116 gram Fe), what weight of sample should be taken 
so that the percentage of FeO; will be found by multiplying the buret 
reading by 4? How many grams of K2Cr.0; are in each milliliter of the 
above bichromate solution? Answer: 0.3992 gram; 0.009806 gram. 

105. A half-gram sample of chromite is fused with Na,Oz, leached with 
water, and acidified with H2SO.. The chromium is reduced by the addition 
of 2.78 grams of FeSO.*7 HO crystals. The excess ferrous iron then 
requires 10.0 ml. of K,Cr.0; solution (1 ml. = 0.0160 gram Fe,O3). Cal- 
culate the percentage of Cr in the chromite. Answer: 27.7%. 

106. What must be the “iron value” of one milliliter of potassium bi- 
chromate solution if in the titration of 0.4000 gram of limonite, the net 
number of milliliters of bichromate and the percentage of Fe,O3 in the 
limonite are equal? Answer: 0.002797 gram. 

107. What is the percentage of chromium in a sample of chrome iron ore 
if 0.2000 gram of the ore after oxidation with Na,O.2 and treatment of the 
acidified solution with 5 gram-millimoles of ferrous sulfate requires one- 
sixth of a gram-millimole of bichromate solution for the excess iron? 

Answer: 34.68%. 

108. From the following data calculate the purity of a sample of chrome 
iron ore in terms of the percentage of Cr and of Cr203: Weight of sample 
= 0.2500 gram; FeSO, solution = 53.40 ml.; KeCr2O, solution used 
= 8.00 ml.; 100 ml. FeSO, solution <= 80.00 ml. K,Cr2O; solution; 40.00 ml. 
K,Cr.0; solution are required to titrate the iron in a half-gram sample of 
limonite containing 79.84% Fe.O3. 

Answer: 30.08% Cr; 43.97% Cr20s. 
tog. A sample of chromite weighing 0.2000 gram is fused with Na Oz, 
leached, and acidified with H,SO, To the solution is added a certain 
weight of FeSO, - 7 H,O crystals which is in excess of that required to reduce 
the chromium present. The excess ferrous sulfate is titrated wit’ 10.10 ml. 
of K2Cr.0; (1 ml. = 0.005584 gram Fe) and 0.20 ml. of ferrous ammonium 
sulfate solution (containing 19.60 grams FeSO.(NH4)2SO, : 6 H.O per liter). 
If the percentage of Cr.Os in the ore is 50.66%, what weight of FeSO.+ 7 H.O 

crystals was added? Answer: I. 390 grams. 


CHAPTER XIII 


CERIC SULFATE PROCESS 


Considerable work has been done recently on the use of 
ceric sulfate as an oxidizing titrating agent. This substance is a 
powerful oxidizing agent, equal in this respect to potassium per- 
manganate, and has the advantage that its solutions are stable. 
Furthermore, titrations can be made without error in the presence 
of high concentrations of chloride. The salt is usually obtain- 
able as ceric ammonium sulfate, Ce(SO.)2- 2 (NH4)2SO,: 2 H20, 
and a tenth-normal solution is prepared by dissolving one-tenth 
of a gram-mole in one normal sulfuric acid to a total volume of 
one liter. A bright yellow solution is obtained. Ceric ions are 
reduced in acid solution from valence 4 to colorless trivalent 
cerous ions. If the titrated solution is colorless, ceric sulfate, 
like potassium permanganate, serves as its own indicator and the 
solution is titrated to a faint yellow. Hence ceric sulfate may be 
standardized against a hot, acid solution of sodium oxalate ex- 
actly as in the case of permanganate (CO, + 2 Cett++ > 
2 CO. + 2 Cett*). 

In the titration of ferrous salts an auxiliary internal indicator 
should be used and certain organic substances like ortho-phe- 
nanthroline or diphenylamine sulfonic acid are suitable for this 
purpose. After the iron is oxidized (Fet*+ + Cet++* > Fet** + 
Cett+), the next drop of ceric solution oxidizes the indicator to 
a form having an entirely different color. With ortho-phenanthro- 
line the change of color of the indicator is from red to blue 
(Note 1). 

Limonite can be analyzed by the ceric sulfate process by 
dissolving the ore in hydrochloric acid, evaporating with sulfuric 
acid, reducing the iron by means of a Jones reductor and titrat- 
ing with tenth-normal ceric sulfate, using two drops of ortho- 
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phenanthroline as indicator. This is analogous to the analysis 
of limonite by the permanganate process. A still more rapid 
method is to pour the hydrochloric acid solution of the limonite 
directly through a silver reductor (Note 2), washing out the 
reductor with 150 ml. of one-normal hydrochloric acid and 
titrating with ceric sulfate in the presence of the chlorides. 

Perhaps the most important use of standard ceric sulfate 
solutions is in potentiometric titrations where color indicators 
are not required and where stability and strong oxidizing power 
are the important factors. 


Notes. — 1. Ortho-phenanthroline indicator solution can be pur- 
chased all prepared, or it may be made by dissolving 1.485 grams of the 
solid ortho-phenanthroline monohydrate in 100 ml. of # molar ferrous 
sulfate solution. 

2. The silver reductor is smaller than the Jones reductor (see page 108) 
and consists of a 12-cm. column of precipitated silver in a tube 2 cm. 
in diameter and provided with a fairly large stopcock. A cup at the 
top facilitates pouring. The silver is conveniently obtained by im- 
mersing a strip of copper in a slightly acidified silver nitrate solution 
and rubbing off the silver as it plates out on the copper. The silver 
is then washed thoroughly with one-normal hydrochloric acid. 


CHAPTER XIV 
IODIMETRY 


The titration of iodine against sodium thiosulfate, with starch 
as an indicator, may perhaps be regarded as the most accurate 
of volumetric processes. 

The fundamental reaction upon which iodimetric processes 
are based is the following: 


I, +4 iz Na.S203 as Nal + NazS.Oz, 
or, I, +250; ~2I +5S,0,. 


This reaction between iodine and sodium thiosulfate, result- 
ing in the formation of the compound Na;S4O,, called sodium 
tetrathionate, is quantitatively exact, and differs in that respect 
from the action of chlorine or bromine, which oxidize the thio- 
sulfate, but not quantitatively. 

The usual indicator for iodimetric titrations is a solution of 
starch which with even a minute excess of free iodine gives a 
deep blue product of unknown composition (Note 1). Occa- 
sionally either chloroform or carbon tetrachloride is used as an 
indicator. Each of these liquids settles to the bottom of the 
aqueous solution and dissolves out most of the free iodine, giving 
a deep purple solution. 

In the titration equation above it is seen that each iodine atom 
changes in valence by one unit (from o to — 1). The equivalent 


I 
weight of iodine is therefore ae 126.93 and a normal solution 


contains 126.9 grams of iodine crystals per liter of solution. 

The average valence of sulfur in thiosulfate is + 2 and in tetrathi- 

onate is + 2%. The average change in valence of each sulfur 

atom is therefore 4, and since the thiosulfate molecule contains 

two sulfur atoms, the total changeis1. The equivalent weight 

of sodium thiosulfate is therefore equal to the molecular 
137 
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Na,S.03 ° 5 H,O a 
I 
248.1 grams of the hydrated crystals per liter of solution. 

The iodimetric process can be applied in two ways. Such 
reducing substances as hydrogen sulfide, sulfites, and arsenites 
can be titrated directly with standard iodine solution to an end- 
point with starch as an indicator. The titration of ferrous salts 
and of several other reducing agents with iodine is not prac- 
ticable, due usually to incompleteness of reaction, and so iodine 
is less commonly used as a direct standard oxidizing agent than 
is potassium permanganate. 

On the other hand, one of the best methods of analyzing 
oxidizing substances is by the iodimetric process. The method 
makes use of the fact that practically all oxidizing agents oxidize 
potassium iodide in dilute acid solution to free iodine, which in 
turn can be titrated with standard sodium thiosulfate. From 
the analytical view-point, this is not an indirect process even 
though the oxidizing agent itself is not titrated. The volume of 
titrating solution (thiosulfate) used is a direct measure of the 
amount of oxidizing substance present, since the amount of iodine 
liberated from the potassium iodide is a direct measure of the 
oxidizing power of the substance analyzed. 


weight and a normal solution contains 


Note. — 1. The blue color which results when free iodine and starch 
are brought together is probably not due to the formation of a true 
chemical compound. It is regarded as a “solid solution” of iodine in 
starch. Although it is unstable, and easily destroyed by heat, it serves 
as an indicator for the presence of free iodine of remarkable sensitive- 
ness, and makes the iodimetric processes the most satisfactory of any 
in the field of volumetric analysis. 


PREPARATION OF STANDARD SOLUTIONS 


Approximate Strength 0.1 N 


Procedure. — Weigh out on the rough balances 13 grams of 
commercial iodine. Place it in a mortar with 18 grams of potas- 
- sium iodide and triturate with small portions of water until all 
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is dissolved (Note 1). Dilute the solution to 1000 ml. and transfer 
to a liter (or larger) bottle and mix thoroughly (Notes 2 and 3). 

Weigh out 25 grams of sodium thiosulfate, dissolve it in water 
which has been previously boiled and cooled, and dilute to 1000 
ml., also with boiled water. Transfer the solution to a liter (or 
larger) bottle and mix thoroughly (Note 4). 


Notes. — 1. Iodine does not dissolve appreciably in water but does 
dissolve in a solution of potassium iodide, probably forming KI ° I». 
This compound is very unstable and the iodine is so loosely bound to 
the potassium iodide that the resulting solution behaves chemically 
as if it were a true solution of iodine. 

2. Iodine solutions react with water to form hydriodic acid under 
the influence of the sunlight, and even at low room temperatures the 
iodine tends to volatilize from solution. They should, therefore, be 
protected from light and heat. Iodine solutions are not stable for 
long periods under the best of conditions and cannot be used in burets 
with rubber tips, since they attack the rubber. 

3. It will be found more economical to have a considerable quantity 
of the solution prepared by a laboratory attendant, and to have all 
unused solutions returned to the common stock. 

4. Sodium thiosulfate (Na2S.03* 5 H2O) is rarely wholly pure as 
sold commercially, but may be purified by recrystallization. If un- 
boiled water is used to dissolve the crystals, the carbonic acid in the 
water will on standing partially decompose the thiosulfate forming 
sulfurous acid and free sulfur: 

S03, + 2 H+ —> H.S.03 
H.2S203 — H2SOs3 + S. 
It has been suggested that bacterial action may also play an important 
part in this decomposition. In either case a stable solution results 
from dissolving thiosulfate crystals in water which has been boiled and 
cooled out of contact with the air. 


PREPARATION OF THE INDICATOR SOLUTION 


The starch solution must be freshly prepared, since on stand- 
ing it becomes mouldy and unsuitable for use as an indicator. 
A soluble starch is obtainable which serves well, and a solution 
of 1.0 gram of this starch in 100 ml. of boiling water is sufficient. 

Procedure. — First grind about 1 gram of starch thoroughly 
in a small mortar with a small amount of water until a smooth 


140 VOLUMETRIC ANALYSIS 


paste is formed, then pour slowly into 100 ml. of boiling water. 
If necessary, let the solution stand and decant the supernatant 
liquid. About 5 ml. should be used for a titration. 


COMPARISON OF IODINE AND THIOSULFATE SOLUTIONS 


Procedure. — Place the solutions in burets (the iodine in a 
glass-stoppered buret), observing the usual precautions. Run 
out 40 ml. of the thiosulfate solution into a beaker, dilute with 
150 ml. of water, add 5 ml. of the soluble starch solution, and 
titrate with the iodine to the appearance of the blue of the iodo- 
starch. Repeat until the ratio of the two solutions is established, 
remembering all necessary corrections for burets and for tem- 
perature changes. 


STANDARDIZATION OF SOLUTIONS 


Commercial iodine is usually not sufficiently pure to permit of 
its use as a standard for thiosulfate solutions or the direct prep- 
aration of a standard solution of iodine. It is likely to contain, 
besides moisture, some iodine chloride, if chlorine was used to 
liberate the iodine when it was prepared. It may be purified 
by sublimation after mixing it with a little potassium iodide, 
which reacts with the iodine chloride, forming potassium chloride 
and setting free the iodine. The sublimed iodine is then dried 
by placing it in a closed container over concentrated sulfuric 
acid. It may then be weighed in a stoppered weighing-tube and 
dissolved in a solution of potassium iodide in a stoppered flask 
to prevent loss of iodine by volatilization. 

An iodine solution made from commercial iodine may also 
be standardized against arsenious oxide (As.O;). This sub- 
stance also usually requires purification by sublimation before 
use. 

Substances which can be obtained sufficiently pure to serve 
for the standardization of sodium thiosulfate are potassium 
bromate (KBrO;), potassium iodate (KIO;), potassium biiodate 
(KIO;- HIO;), potassium bichromate (K2Cr.O;), and metallic 

‘copper. If necessary the salts can be purified by recrystalliza- 
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tion. All of these substances in acid solution will liberate iodine 
from an excess of potassium iodide and the liberated iodine can 
be titrated with the thiosulfate solution. 

Two methods for the direct standardization of the sodium 
thiosulfate solution are here described, and one for the direct 
standardization of the iodine solution. 


Method A 


Procedure. — Weigh out accurately into 500 ml. beakers two 
portions of about 0.15-0.18 gram of pure potassium bromate, or 
pure potassium iodate, or pure potassium biiodate (Note 1). 
Dissolve in 50 ml. of water, and add 10 ml. of a potassium iodide 
solution containing 3 grams (roughly weighed) of the salt in that 
volume (Note 2). Add to the mixture 1o ml. of 6 N sulfuric 
acid, allow the solution to stand for three minutes, and dilute 
to 150ml. (Note 3). Run in thiosulfate solution from a buret until 
the color of the liberated iodine is nearly destroyed, and then 
add 5 ml. of starch solution, titrate to the disappearance of the 
iodo-starch blue, and finally add iodine solution until the color 
is just restored. Make a blank test for the amount of thiosulfate 
solution required to react with the iodine liberated by the iodate 
which is generally present in the potassium iodide solution, and 
deduct this from the total volume used in the titration (Note 2). 

From the data obtained, calculate the relation of the thiosul- 
fate solution to a normal solution, and subsequently calculate 
the similar value for the iodine solution. 


Notes. —1. Potassium bichromate crystals can be used for the 
standardization of sodium thiosulfate, but the deep green color of 
the resulting chromic ions makes it more difficult to estimate the iodo- 
starch end-point. 

If solutions of bichromate or permanganate of known normality are 
available, they too can be used to standardize a sodium thiosulfate 
solution. In this case run out about 35 ml. of the standard solution 


(which should be approximately x in concentration) into a beaker or 


flask, and add the potassium iodide and acid, and continue exactly 
as in the above standardization against potassium bromate. 
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2. Potassium iodide usually contains small amounts of potassium 
iodate as impurity, which, when the iodide is brought into an acid 
solution, liberates iodine, just as does the potassium bromate used as 
a standard. It is necessary to determine the amount of thiosulfate 
which reacts with the iodine thus liberated by making a “blank test” 
with the iodide and acid alone. As the iodate is not always uniformly 
distributed throughout the iodide, it is better to make up a sufficient 
volume of a solution of the iodide for the purposes of the work in hand, 
and to make the blank test by using the same volume of the iodide 
solution as is added in the standardizing process. The iodide solution 
should contain about 3 grams of the salt in 10 ml. 

3. The color of the iodo-starch is somewhat less satisfactory in con- 
centrated solutions of alkali salts, notably the iodides. The dilution 
prescribed obviates this difficulty. 


Method B 


Procedure. — Weigh out two portions of 0.25-0.27 gram of 
clean copper wire into 250 ml. Erlenmeyer flasks (Note 1). Add 
to each 5 ml. of concentrated nitric acid (sp. gr. 1.42) and 25 ml. 
of water, cover, and warm until solution is complete. Add 5 ml. 
of bromine water and boil until the excess of bromine is expelled. 
Cool, and add strong ammonia (sp. gr. 0.90) drop by drop until 
a deep blue color indicates the presence of an excess. Boil the 
solution until the deep blue is replaced by a light bluish green, 
or a brown stain appears on the sides of the flask (Note 2). Add 
10 ml. of strong acetic acid (sp. gr. 1.04), cool under the water 
tap, and add a solution of potassium iodide (Note 3) containing 
about 3 grams of the salt, and titrate with thiosulfate solution 
until the color of the liberated iodine is nearly destroyed. Then 
add 5 ml. of freshly prepared starch solution, and add thiosulfate 
solution, drop by drop, until the blue color is discharged. 

From the data obtained, including the “blank test” of the 
iodide, calculate the normality of the thiosulfate solution. 

Notes. — 1. While copper wire of commerce is not absolutely pure, 
the requirements for its use as a conductor of electricity are such that 
the impurities constitute only a few hundredths of one per cent and 
are usually negligible for analytical purposes. 

2. Ammonia neutralizes the free nitric acid. It should be added in 
slight excess only, since the excess must be removed by boiling, which 
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is tedious. If too much ammonia is present when acetic acid is added, 
the resulting ammonium acetate is hydrolyzed, and the ammonium 
hydroxide reacts with the iodine set free. 

3. A considerable excess of potassium iodide is necessary for the 
prompt liberation of iodine. 


Method C 


Procedure. — Weigh out into 500 ml. beakers two portions of 
0.175-0.200 gram each of pure arsenious oxide. Dissolve each 
of these in 10 ml. of sodium hydroxide solution, with stirring. 
Dilute the solutions to 150 ml. and add dilute hydrochloric acid 
until the solutions contain a few drops in excess, and finally add 
to each a concentrated solution of 5 grams of pure sodium bicar- 
bonate (NaHCOs) in water. Cover the beakers before adding 
the bicarbonate, to avoid loss. Add the starch solution and 
titrate with the iodine to the appearance of the blue of the iodo- 
starch, taking care not to pass the end-point by more than a few 
drops (Note 1). 

From the corrected volume of the iodine solution used to 
oxidize the arsenious oxide, calculate its relation to the normal. 
From the ratio between the solutions, calculate the similar value 
_ for the thiosulfate solution. 

Note. — 1. Arsenious oxide dissolves more readily in caustic alkali 
than in a bicarbonate solution, but the presence of caustic alkali during 
the titration is not admissible. It is therefore destroyed by the addi- 
tion of acid, and the solution is then made neutral with the solution of 
bicarbonate, part of which reacts with the acid, the excess remaining 
in solution. The reaction during titration is the following: 


NasAsO3 + I2 + 2 NaHCO; — NasAsOu + 2 Nal + 2 CO, + H:0. 


As the reaction between sodium thiosulfate and iodine is not always 
free from secondary reactions in the presence of even the weakly 
alkaline bicarbonate, it is best to avoid the addition of any consider- 
able excess of iodine. Should the end-point be passed by a few drops, 
the thiosulfate may be used to correct it. 


STOICHIOMETRY 


In the standardization of iodine solution against pure arsenious 
oxide, the solution of the weighed oxide in sodium hydroxide is 
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expressed by the equation: As,O3 + 6 NaOH - 2 NasAsO; + 
3H.O, and that of the resulting titration by the equation: 
Na;AsO; + I, + 2 NaHCO; — NasAsO. + 2 Nal + 2 COz + 
H.O. In calculating the normality of the iodine, the milli- 
equivalent weight of As,O3 is the molecular weight divided by 
4000 since each arsenic atom changes in valence by two units 
(from + 3 to 4+ 5). 

In the standardization of sodium thiosulfate solution against 
a pure solid oxidizing agent like potassium bromate, potassium 
iodate, potassium bichromate, or copper, the oxidizing agent re- 
acts with an added excess of potassium iodide liberating as many 
equivalents of iodine as there are of the oxidizing agent present: 


BrO;- + 6I- +6H+—Br- +31. +3 H,0 

IO;- + 51- +6H+—>31.+3H,0 

Cr.0O; + 61- + 14H*+ > 2Cr+++ + 31,4+7H,0 
2Cut+ + 4I- — Cul, + Ib. 


Although it is the liberated iodine that is titrated by the thiosul- 
fate, the volume required and hence the calculations involved 
are the same as if the original oxidizing agent were directly 
titrated by the thiosulfate, with the oxidation of the latter to 
tetrathionate. 

As mentioned above, if a solution of potassium permanganate 
or of potassium bichromate of knovn normality is at hand, the 
thiosulfate can be standardized by determining the ratio between 
them. To do this, a measured volume of the standard per- 
manganate of bichromate is run out, an excess of potassium 
iodide is added, the solution is acidified and the liberated iodine 
is titrated with the sodium thiosulfate solution. Again the 
calculations are the same as if the two solutions were directly 
titrated against each other. 


Example. — Given a solution of iodine (1 ml. = 0.004047 gram 
As,O3) and a solution of sodium thiosulfate (20.0 ml. = 0.08340 
gram KBrO;). What is the normality of each solution and what 
_is the value of the thiosulfate in terms of metallic copper? What 
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N 
volume of ae KMnO,z would liberate an amount of iodine from 


excess potassium iodide to require 40.00 ml. of the above thio- 
sulfate for reduction? 








_ 9.004947 _ 
Normality of I, = As,0, 7 272000 N. Ans. 
4000 
: .08 
Normality of Na.S.O; = 2 SO = 0.1500 N 
20 X : 
6000 

Cu 
1 ml. Na2S.0; = 1 X 0.1500 X aGG 


0.009535 gram Cu. Ans. 
x X 0.1000 = 40.00 X 0.1500 
x =60.00oml. Ans. 


DETERMINATION OF ANTIMONY IN STIBNITE 


Stibnite is native antimony sulfide. Nearly pure samples of 
this mineral are easily obtainable and should be used for this 
analysis, since many impurities, notably iron, seriously interfere 
with the accurate determination of the antimony by iodimetric 
methods. It is, moreover, essential that the directions with 
respect to amounts of reagents employed and concentration of 
solutions should be followed closely. 

Procedure. — Grind the mineral with great care, and weigh 
out two portions of 0.35-0.40 gram into small, dry beakers 
(250 ml.). Add about 0.3 gram of solid potassium chloride, 
cover the beakers and pour over the stibnite 5 ml. of concen- 
trated hydrochloric acid (sp. gr. 1.20) and warm gently on the 
water bath (Note 1). When the residue is white, add to each 
beaker 2 grams of powdered tartaric acid (Note 2). Warm the 
solution on the water bath for ten minutes longer, dilute the 
solution very cautiously by adding water in portions of 5 ml., 
stopping if the solution turns red. It is possible that no coloration 
will appear, in which case cautiously continue the dilution to 
125 ml. If a red precipitate or coloration does appear, warm 
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the solution until it is colorless, and again dilute cautiously to a 
total volume of 125 ml. and boil for a minute (Note 3). 

If a white precipitate of the oxychloride separates during 
dilution (which should not occur if the directions are followed), 
it is best to discard the determination and to start anew. 

Carefully neutralize most of the acid with sodium hydroxide 
solution, but leave it distinctly acid (Note 4). Dissolve 3 grams 
of sodium bicarbonate in 200 ml. of water in a 500 ml. beaker, 
and pour the cold solution of the antimony chloride into this, 
avoiding loss by effervescence. Make sure that the solution 
contains an excess of the bicarbonate, and then add 5 ml. of 
starch solution and titrate with iodine solution to the appear- 
ance of the blue, avoiding an excess (Note 5). 

From the corrected volume of the iodine solution required to 
oxidize the antimony, calculate the percentage of antimony (Sb) 
in the stibnite. 


Notes. —1. Antimony chloride is volatile with steam from its con- 
centrated solutions; hence these solutions must not be boiled until they 
have been diluted. Potassium chloride lessens the volatility of the 
antimony chloride. 

2. Antimony salts, such as the chloride, are readily hydrolyzed, and 
compounds such as SbOCI are formed which are often relatively insolu- 
ble; but in the presence of tartaric acid, compounds with complex ions 
are formed, and these are soluble. An excess of hydrochloric acid also 
prevents precipitation of the oxychloride because the Ht ions from the 
acid lessen the dissociation of the water and thus prevent any consider- 
able hydrolysis. 

3. The action of hydrochloric acid upon the sulfide sets free hydrogen 
sulfide, a part of which is held in solution by the acid. This is usually 
expelled by the heating upon the water bath; but if it is not wholly 
driven out, a point is reached during dilution at which the antimony 
sulfide, being no longer held in solution by the acid, separates. If the 
dilution is immediately stopped and the solution warmed, this sulfide is 
again brought into solution and at the same time more of the hydrogen 
sulfide is expelled. This procedure must be continued until the hydrogen 
sulfide is all removed, since it reacts with iodine. If no precipitation of 
the sulfide occurs, it is an indication that the hydrogen sulfide was all 
expelled on solution of the stibnite. 
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4. Sodium hydroxide is added to neutralize most of the acid, thus — 
lessening the amount of sodium bicarbonate to be added. The NaOH 
should not neutralize all of the acid; if too much base is added, im- 
mediately acidify with HCl. 

5. If the end-point is not permanent, that is, if the blue of the iodo- 
starch is discharged after standing a few moments, the cause may be an 
insufficient quantity of sodium bicarbonate, leaving the solution slightly 
acid, or a very slight precipitation of an antimony compound which is 
slowly acted upon by the iodine when the latter is momentarily present 
in excess. In either case it is better to discard the analysis and to re- 
peat the process, using greater care in the amounts of reagents em- 
ployed. 


STOICHIOMETRY 


The reaction which takes place during the titration of anti- 
mony in stibnite may be expressed by the equation: 

SbOs- + 2 HCO;- + I, — SbO-= + 21I- + 2 CO, + HO. 
It is seen that this reaction closely resembles that involved in 
the titration of arsenious oxide in the standardization of iodine 
(see above). The change of valence of antimony is two and 
hence the equivalent weight of Sb is one-half of the atomic weight. 

A common determination made by direct titration with stand- 
ard iodine solution is that of sulfide. In the determination of 
sulfur in steel, the addition of hydrochloric acid to the steel 
liberates the sulfur as hydrogen sulfide which can be titrated 
with standard iodine solution: Ha + I, —~ 2 HI +S. The 


f S 
equivalent weight of sulfur is obviously — = 16.03. 
2 


Example I. — A solution of iodine is of such concentration that 
20.00 ml. are required to titrate the antimony in a 0.1000-gram 
sample of stibnite containing 84.95% of SbeS3. This iodine is 
used for the analysis of sulfur in a 5.00-gram sample of steel. 
The steel is dissolved in hydrochloric acid and the HS evolved 
is caught in an ammoniacal solution of cadmium chloride. The 
resulting CdS is filtered, dissolved in acid, and the H2S formed 
in the solution is titrated with 4.00 ml. of the iodine solution, 
Calculate the percentage of sulfur in the steel. 
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Solution. — 
SbeS 
20.00 X N X ——— 
4000 ee 
0.1000 FOO Hero: 
Whence, N = 0.05000 = normality of I, soln. 





4.00 X 0.0500 X NGO 


3.00 X 100 = 0.064%. Ans. 


In the determination of sulfur in steel and in other titrations 
where an acid solution is titrated directly with iodine, an excel- 
lent substitute for standard iodine is a mixture of potassium 
iodate and potassium iodide. These two substances do not 
interact until they come in contact with the acid solution to be 
titrated, at which time they form free iodine (IO3- + 5I- + 
6 H+ + 31,+3H,0). Under such conditions an iodate-iodide 
solution therefore behaves as if it were an iodine solution. Its 
advantages are that the solution is stable and colorless and that 
it can be prepared of definite normality by dissolving in a measur- 
ing flask a weighed amount of pure KIO; crystals and an excess 
of KI, and diluting to a definite volume. 


Example IT. — What volume of a solution of KIO; (prepared 
by dissolving 10 millimoles of KIO; and 300 millimoles of KI in 
water and diluting to one liter) would be required to titrate the 
hydrogen sulfide evolved from 5.00 grams of the steel of the 
preceding example? 


Solution. — 


10 millimoles KIO; = 60 milliequivalents 
Normality KIO; = 0.0600 N 


ml. X 0.0600 x 


= X 100 = 0.064 
5.00 


ml. = 3.33. Ans. 
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DETERMINATION OF COPPER IN ORES 


Copper ores vary widely in composition from the nearly pure 
copper minerals, such as malachite and copper sulfide, to very 
low-grade materials which contain such impurities as silica, lead, 
iron, silver, sulfur, arsenic, and antimony. In nearly all varie- 
ties there will be found a siliceous residue insoluble in acids. 
The method here given provides for the extraction of the copper 
from commonly occurring ores, and for the presence of their 
common impurities. For practice analyses it is advisable to 
select an ore of a fair degree of purity. 

Procedure. — Weigh out two portions of about 0.5 gram each 
of the ore (which should be ground until no grit is detected) 
into 250 ml. Erlenmeyer flasks or small beakers. Add 10 ml. 
of concentrated nitric acid (sp. gr. 1.42) and heat very gently 
until the ore is decomposed and the acid evaporated nearly to 
dryness (Note 1). Add 5 ml. of concentrated hydrochloric acid 
(sp. gr. 1.20) and warm gently. Then add about 7 ml. of con- 
centrated sulfuric acid (sp. gr. 1.84) and evaporate over a free 
flame until the sulfuric acid fumes freely (Note 2). It has then 
displaced nitric and hydrochloric acids from their salts. 

Cool the flask or beaker, add 25 ml. of water, heat the solu- 
tion to boiling, and boil for two minutes. Filter to remove insol- 
uble sulfates, silica, and any silver that may have been pre- 
cipitated as silver chloride, and receive the filtrate in a small 
beaker, washing the precipitate and filter paper with warm 
water until the filtrate and washings amount to 75 ml. Bend a 
strip of aluminum foil (5 cm. X 12 cm.) into triangular form 
and place it on edge in the beaker. Cover the beaker and boil 
the solution (being careful to avoid loss of liquid by spattering) 
for ten minutes, but do not evaporate to a small volume. 

Wash the cover glass and sides of the beaker. The copper 
should now be in the form of a precipitate at the bottom of the 
beaker or adhering loosely to the aluminum sheet. Remove 
the sheet, wash it carefully with hydrogen sulfide water and 
place it in a small beaker. Decant the solution through a filter, 
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wash the precipitated copper twice by decantation with hydrogen 
sulfide water, and finally transfer the copper to the filter paper, 
where it is again washed thoroughly, being careful at all times 
to keep the precipitated copper covered with the wash-water. 
Remove and discard the filtrate and place an Erlenmeyer flask 
under the funnel. Pour 15 ml. of dilute nitric acid (sp. gr. 1.20) 
over the aluminum foil in the beaker, thus dissolving any adher- 
ing copper. Wash the foil with hot water and remove it. Warm 
this nitric acid solution and pour it slowly through the filter 
paper, thereby dissolving the copper on the paper, receiving the 
acid solution in the Erlenmeyer flask. Before washing the paper, 
pour 5 ml. of saturated bromine water (Note 3) through it and 
finally wash the paper carefully with hot water and transfer any 
particles of copper which may be left on it to the Erlenmeyer 
flask. Boil to expel the bromine. Add concentrated ammonia 
drop by drop until the appearance of a deep blue coloration 
indicates an excess. Boil until the deep blue is displaced by a 
light bluish green coloration, or until brown stains form on the 
sides of the flask. Add 10 ml. of strong acetic acid (Note 4) and 
cool under the water tap. Add a solution containing about 
3 grams of potassium iodide, as in the standardization, and 
titrate with thiosulfate solution until the yellow of the liberated 
iodine is nearly discharged. Add 5 ml. of freshly prepared starch 
solution and titrate to the disappearance of the blue color. 

From the data obtained, calculate the percentage of copper 
(Cu) in the ore. 


Notes, — 1. Nitric acid, because of its oxidizing power, is used as a 
solvent for the sulfide ores. As a strong acid it will also dissolve the 
copper from carbonate ores. The hydrochloric acid is added to dis- 
solve oxides of iron and to precipitate silver and lead. The sulfuric 
acid displaces the other acids, leaving a solution containing sulfates 
only. It also, by its dehydrating action, renders silica from silicates 
insoluble. 

2. Unless proper precautions are taken to insure the correct concen- 
trations of acid the copper will not precipitate quantitatively on the 
aluminum foil; hence care must be taken to follow directions carefully 
at this point. Lead and silver have been almost completely removed 


IODIMETRY I51 


as sulfate and chloride respectively, or they too would be precipi- — 
tated on the aluminum. Bismuth, though precipitated on aluminum, 
has no effect on the analysis. Arsenic and antimony precipitate on 
aluminum and would interfere with the titration if allowed to remain 
in the lower state of oxidation. 

3. Bromine is added to oxidize arsenious and antimonous compounds 
from the original sample, and to oxidize nitrous acid formed by the 
action of nitric acid on copper and copper sulfide. 

4. This reaction can be carried out in the presence of sulfuric and 
hydrochloric acids as well as acetic acid, but in the presence of these 
strong acids arsenic and antimonic acids may react with the hydriodic 
acid produced with the liberation of free iodine, thereby reversing the 
process and introducing an error. 


STOICHIOMETRY 


The final titration of copper in the analysis of copper ore is 
the same as that involved in the standardization of thiosulfate 
against pure copper (see above). Potassium iodide reduces 
copper ions to cuprous iodide which precipitates, and the lib- 
erated iodine is titrated with thiosulfate. The valence of copper 
changes by one and hence the equivalent weight of copper 


Cc 
is = = 63.57. 


Many other oxidizing agents can be determined by essentially 
the same method. That is, the oxidizing agent is allowed to 
oxidize an unmeasured excess of potassium iodide and liberate 
its own equivalent of free iodine which in turn is titrated with 
standard sodium thiosulfate. This is a direct determination 
and calculations are the same as if the original oxidizing agent 
were titrated with the thiosulfate, the latter being oxidized 
to tetrathionate (Na2S4Os). 

The analysis of pyrolusite, for example, can be made by an 
iodimetric process (Bunsen method). The ore is treated with 
hydrochloric acid which is oxidized by the manganese dioxide 
liberating free chlorine: MnO. + 4 HCl > MnCl, + Cl. The 
latter is distilled over into a solution of potassium iodide and 
an equivalent amount of iodine is liberated: Ch + 2 KI — 
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2KCl1+1y. The free iodine is then titrated with standard 
thiosulfate. This is a direct process although it involves three 
chemical changes. 


Example. —— What weight of pyrolusite should be taken for 
analysis by the Bunsen method so that the volume of sodium 
thiosulfate (1 ml. = 0.006357 gram Cu) required shall be twice 
the percentage of manganese in the ore? 


Solution. — 
‘ ; .0063 
Normality of thiosulfate = 9.008357 — 9.1000 N 
1000 
2 X 0.1000: X Dee 
2000 
X 100 = 1 


a 
x = 0.5493 gram. Ans. 


Among the oxidizing agents which can be determined by titra- 
tion with thiosulfate after adding potassium iodide are: 

(a) Lead peroxides, e.g. PbO2, Pb2O3, and Pb3Ox (see analysis 
of pyrolusite by the permanganate process). The method is 
identical to the iodimetric method for pyrolusite. 

(6) Hypochlorous acid (OCI- + 2I-+2H+—-Cl-+I,+ 
H.O). This can be applied to the analysis of bleaching powder 
for the determination of “available chlorine.” 

(c) Chlorate, iodates, periodates. 

(d) Chromates, bichromates, and permanganates. Thus the 
analysis of chrome iron ore (see page 130) can be made by fusing 
with Na,O, in the regular way, leaching with water, filtering, 
boiling to destroy excess peroxide, and acidifying. Any iron 
present is converted to a complex salt by the addition of fluoride. 
By adding excess potassium iodide, iodine is liberated by the 
bichromate and the free iodine can be titrated with standard 
thiosulfate. 

(e) Ozone, hydrogen peroxide (O; + 2 KI + H,O ~ 2 KOH 

. + I, + Oz; HO, + 2Ki + H.SO, Te K.SO4 + I,+2 H,0). 
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(f) Iodides. By an indirect process. A measured excess of | 
pure potassium iodate is added, the liberated iodine is boiled 
out and the excess iodate determined by adding an (unmeasured) 
excess of potassium iodide and titrating the liberated iodine with 
standard thiosulfate. 


PROBLEMS 


110. What is the value of 1 ml. of an iodine solution (z ml. equivalent to 
0.0300 gram Na2S2Os) in terms of As,O3? Answer: 0.009385 gram. 
111. 48 ml. of a solution of sodium thiosulfate are required to titrate 
the iodine liberated from an excess of potassium iodide solution by 0.3000 
gram of pure KIO3. (KIO; + 5 KI + 3 H2SOu = 3 K2SO. + 31243 H,0.) 
What is the normal strength of the sodium thiosulfate and the value of 
r ml. of it in terms of iodine? Answer: 0.1753 N; 0.02224 gram. 
112. One thousand milliliters of 0.1079 N sodium thiosulfate solution is 
allowed to stand. Assume that 1 per cent by weight of the thiosulfate is 
decomposed by the carbonic acid present in the solution. To what volume 
must the solution be diluted to make it exactly o.1 N as a reducing agent? 
(Na2S203 + 2 H.CO3 => H.SO3 Se 2 NaHCO; -f S5) Answer: Iogo ml. 
113. An analyzed sample of stibnite containing 70.05% Sb is given for 
analysis. A student titrates it with a solution of iodine of which 1 ml. is 
- equivalent to 0.004950 gram of As,O3. Due to an error on his part in stand- 
ardization, the student’s analysis shows the sample to contain 70.32% Sb. 
Calculate the true normal value of the iodine solution, and the percentage 
error in the analysis. Answer: 0.1000 N; 0.39%. 
114. Weight of copper ore = 1.200 grams; volume of Na2S.O3 used 
= 40.00 ml.; rt ml. Na»S203 = 0.004176 gram KBrO;. Calculate the per- 
centage of copper in the ore in terms of Cu;0. Answer: 35.78%. 
115. What is the percentage of antimony (Sb) in a 0.2500-gram sample 
of stibnite if 20.83 ml. of iodine are used in the final titration? 1 ml. iodine 
= 0.004498 gram As. Answer: 60.88%. 
116. A certain volume of KMn(Q, solution will liberate from excess KI an 
amount of iodine which will be reduced by 20.24 ml. of a solution of Na2S.03 
of which 1 ml. = 1 ml. Iz = 0.007496 gram As. If 20.00 ml. of the thio- 
sulfate were required to titrate a given sample of HO, 
(H202 +2KI + H.2SO.4 => K.SO, +1I,+ 2 H.0) 
what volume of oxygen gas (when measured under standard conditions) 
would be liberated if the same weight of HO» were titrated with the KMnQ, 
solution? Answer: 44.8 ml. 
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117. What volume of Na2S.03 solution (z ml. = 0.004873 gram 
KIO; HIO;) will be required to titrate the iodine liberated by the chlorine 
evolved when a 0.450-gram sample of red lead containing 95.0% Pb304 
(= PbO2+2 PbO) is treated with hydrochloric acid? 


Answer: 8.31 ni. 


118. Given an iodine solution (r ml. = 0.0198 gram As,O3) and a thio- 
sulfate solution (1 ml. < 0.00835 gram KBrOs;). Calculate (a) the weight 
of copper ore to be taken for analysis so that the percentage of copper may 
be found by dividing the buret reading by 2; (0) the buret reading in the 
titration of a o.100-gram sample of pure Sb2S3. 


Answer: 3.81 grams; 2.94 ml. 


119. A 0.350-gram sample of impure potassium iodide is treated with 
0.194 gram of pure K2CrO, and the solution is boiled to expel all of the 
liberated iodine. The solution is then treated with excess potassium iodide 


and the liberated iodine is titrated with 10.0 ml. of x sodium thiosulfate. 


Calculate the percentage purity of the sample of potassium iodide. 
Answer: 94.8%. 


120. If 20.0 ml. of thiosulfate (1 ml. <= 0.00490 gram K.Cr.207) are re- 
quired for a certain sample of pyrolusite by the Bunsen method, what 
weight of Na2C.O, crystals should be added to a similar sample to require 


N : see 
20.0 ml. of ae permanganate solution by the indirect method? 


Answer: 0.268 gram. 


121. A sample of pyrolusite weighing 0.5000 gram is treated with an 
excess of hydrochloric acid, the liberated chlorine is passed into potassium 
iodide and the liberated iodine is titrated with sodium thiosulfate solu- 
tion (49.66 grams of pure Na2S.O3: 5 H.O per liter). If 38.72 ml. are re- 
quired, what volume of 0.2500 normal permanganate solution will be required 
in an indirect determination in which a similar sample is reduced with 
o.go12 gram H2C20,° 2 H20 and the excess oxalic acid titrated? 


Answer: 26.22 ml. 


122. In the determination of sulfur in steel by evolving the sulfur as 
hydrogen sulfide, precipitating cadmium sulfide by passing the liberated 
hydrogen sulfide through ammoniacal cadmium chloride solution, and 
decomposing the CdS with acid in the presence of a measured amount 
of standard iodine, the following data are obtained: Sample, 5.027 grams; 
ml. Na2S.03 = 12.68; ml. Iodine = 15.59; x ml. Iodine = 1.086 ml. 
NaS203; 1 ml. NazS,O3 = 0.005044 gram Cu. Calculate the percentage 
- of sulfur. (H2S + I, = 2HI+S.) Answer: 0.107%, 
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123. The sulfur from a 5.00-gram sample of steel is evolved as H2S and © 
the H.S precipitated as zinc sulfide from an ammoniacal zinc solution. The 
solution is then acidified and titrated with 5-10 ml. of an iodate solution 
containing 1.12 grams of KIO; and 12.0 grams of KI per liter. What is the 
per cent sulfur in the steel and how many grams of KI in excess of the 
theoretical amount have been used in preparing the standard? Why could 
not the normality of the iodate solution be determined by titration against 
pure As,O; as in the standardization of iodine solutions? 


Answer: 0.051%; 7.66 grams. 


124. Given the following data, calculate the percentage of iron in a 
sample of crude ferric chloride weighing 1.000 gram. The iodine liberated 
by the reaction 2 FeCl; + 2 HI = 2 HCl + 2 FeCl, + In is reduced by the 
addition of 50 ml. of sodium thiosulfate solution and the excess thiosulfate 
is titrated with standard iodine and requires 7.85 ml. 45 ml. I» solution 
= 45.95 ml. Na2S203 solution; 45 ml. As2O3 solution = 45.27 ml. I, solution; 
1 ml. arsenite solution <= 0.005160 gram As.O3. Answer: 23.77%. 


125. Sulfide sulfur was determined in a sample of reduced barium sulfate 
by the evolution method, in which the sulfur was evolved as hydrogen 
sulfide and was passed into CdCl, solution, the acidified precipitate being 
titrated with iodine and thiosulfate. Sample, 5.076 grams; ml. Ip = 20.83; 
ml. Na2S,03 = 12.37; 43.45 ml. Na2S.O3 = 43.42 ml. I; 8.06 ml. KMn0, 
<= 44.66 ml. Na2S.O3; 28.87 ml. KMnO, = 0.2004 gram NazC.0x. Calculate 
' the percentage of sulfide sulfur in the sample. Answer: 0.050%. 


126. What weight of pyrolusite containing 89.21% MnO, will oxidize the 
same amount of oxalic acid as 37.12 ml. of a permanganate solution, of which 
1 ml. will liberate 0.0175 gram of Iz from KI? Answer: 0.2493 gram. 


127. A sample of pyrolusite weighs 0.2400 gram and is 92.50% pure 
MnO:. The iodine liberated from KI by the manganese dioxide is sufficient 
to react with 46.24 ml. of Na2S.O3 soln. What is the normal value of the 
thiosulfate? Answer: 0.1105 N. 


128. A sample of chromite weighing 1.000 gram is fused with Na.Oz., 
leached with water and acidified with H,SO,. The resulting solution is di- 
vided into two equal portions. One portion is treated with 50.00 ml. ferrous 
ammonium sulfate solution (containing 39.2 grams FeSO4+ (NH4)2SO4: 
6 H;0 per liter) and the excess requires 6.00 ml. KyCr,O; solution (1 ml. = 
0.008376 gram Fe). How many milliliters of sodium thiosulfate (1 ml. = 
0.01271 gram Cu) would be required to titrate the iodine liberated from 
excess potassium iodide by the other portion of the solution, and what is the 


percentage of Cr in the sample? Answer: 20.50 ml.; 14.22%. 


CHAPTER XV 
CHLORIMETRY 


The processes included under the term chlorimetry comprise 
those employed to determine chlorine, hypochlorites, bromine, 
and hypobromites. The reagent employed is sodium arsenite 
in the presence of sodium bicarbonate. The reaction in the case 
of the hypochlorites is: 


OCI- + AsO; => AO Ce 


The sodium arsenite may be prepared from pure arsenious 
oxide, as described below, and is stable for considerable periods; 
but commercial oxide requires resublimation to remove arsenic 
sulfide, which may be present in small quantity. To prepare 
the solution, dissolve about 5 grams of the powdered oxide, accu- 
rately weighed, in 10 ml. of a concentrated sodium hydroxide 
solution, dilute the solution to 300 mL, and make it faintly acid 
with dilute hydrochloric acid. Add 30 grams of sodium bicar- 
bonate dissolved in a little water, and dilute the solution to 
exactly 1000 ml. in a measuring flask. Transfer the solution to a 
dry liter bottle and mix thoroughly. 

It is possible to dissolve the arsenious oxide directly in a solu- 
tion of sodium bicarbonate, with gentle warming, but solution 
in sodium hydroxide takes place much more rapidly, and the 
excess of the hydroxide is readily neutralized by hydrochloric 
_ acid, with subsequent addition of the bicarbonate to maintain 
neutrality during the titration. 

The indicator required for this process is made by dipping 
strips of filter paper in a starch solution prepared as described 
on page 139, to which 1 gram of potassium iodide has been added. 
These strips are allowed to drain and spread upon a watch-glass 


until dry. When touched by a drop of the solution the paper 
156 


CHLORIMETRY 157 


turns blue until the hypochlorite has all been reduced and an 
excess of the arsenite has been added. 


DETERMINATION OF THE AVAILABLE CHLORINE 
IN BLEACHING POWDER 


Bleaching powder consists mainly of a calcium compound 
which is a derivative of both hydrochloric and hypochlorous 
acids. Its formula is CaClOCl. Its use as a bleaching or dis- 
infecting agent, or as a source of chlorine, depends upon the 
amount of hypochlorous acid which it yields when treated with 
a stronger acid. It is customary to express the value of bleach- 
ing powder in terms of “available chlorine,” by which is meant 
the chlorine present as hypochlorite, but not the chlorine present 
as chloride. 

Procedure. — Weigh out from a stoppered test tube into a 
porcelain mortar about 3.5 grams of bleaching powder (Note r). 
Triturate the powder in the mortar with successive portions of 
water until it is well ground and wash the contents into a soo ml. 
measuring flask (Note 2). Fill the flask to the mark with water 
and shake thoroughly. Measure off 25 ml. of this semi-solution 
‘in a measuring flask, or pipet, observing the precaution that 
the liquid removed shall contain approximately its proportion 
of suspended matter. 

Empty the flask or pipet into a beaker and wash it out. Run 
in the arsenite solution from a buret until no further reaction 
takes place on the starch-iodide paper when touched by a drop 
of the solution of bleaching powder. Repeat the titration, using 
a second 25 ml. portion. 

From the volume of solution required to react with the bleach- 
ing powder, calculate the percentage of available chlorine in the 
latter, assuming the titration reaction to be that between chlo- 
rine and arsenite: 


AsO;- + Cl, + H,O > AsO¢ + 2 Cl- + 2 Ht. 


Note that only one-twentieth of the original weight of bleaching 
powder enters into the reaction. 
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Notes. — 1. The powder must be triturated until it is fine, other- 
wise the lumps will inclose calcium hypochlorite, which will fail to react 
with the arsenious acid. The clear supernatant liquid gives percent- 
ages which are below, and the sediment percentages which are above, 
the average. The liquid measured off should, therefore, carry with it its 
proper proportion of the sediment, so far as that can be brought about 
by shaking the solution just before removal of the aliquot part for 
titration. 

2. Bleaching powder is easily acted upon by the carbonic acid in the 
air, which liberates the weak hypochlorous acid. This, of course, results 
in a loss of available chlorine. The original material for analysis should 
be kept in a closed container and protected from the air as far as pos- 
sible. It is difficult to obtain analytical samples which are accurately 
representative of a large quantity of the bleaching powder. The pro- 
cedure, as outlined, will yield results which are sufficiently exact for 
technical purposes. 


CHAPTER XVI 
PRECIPITATION METHODS 


The methods of analysis classified as precipitation or saturation 
methods are those in which a desired constituent is precipitated 
from solution by means of a standard solution of precipitating 
agent. As in the other methods thus far considered, an indicator 
must be used to show the exact completion of the reaction. 
Precipitation methods may be direct or indirect; that is, the 
precipitating agent may be added to a direct end-point, or an 
excess may be added and the excess determined by titration. 

Computations are exactly the same in principle as those in- 
volved in acidimetry except that in the case of precipitation 
methods, elements and radicals other than hydrogen enter into 
the metathesis. The gram-equivalent weight is that weight of 
substance having the precipitating power of one gram-atom 
(1.008 grams) of hydrogen ion. To determine the equivalent 

weight it is usually only necessary to divide the molecular weight 
by the actual valence or total electrical charges on the reacting 
constituent. Thus the equivalent weight of di-sodium hydrogen 


eA Na.,HPO, 2 
phosphate as an acid is = 142.2; as a sodium salt is 
HPO . NazHPO 
a = 71.01; and as a phosphate is mete = 47.34. 


A substance is precipitated when its solubility product is 
exceeded (see page 35). For example, the solubility product 
of silver chloride at 25° C. is expressed as follows: [Ag*][Cl-] = 
1 X 10-”. This means that in any aqueous solution saturated 
at 25° C. with silver chloride, the product of the molar concen- 
tration of silver ions and the molar concentration of chloride 
ions has this value. Consider the titration of a dilute solution 
of a chloride with a standard solution of silver nitrate. Precip- 
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itation begins as soon’ as the product of the concentration of 
silver ions and that of chloride ions has reached the value 
1 X 10-2", When an amount of silver equivalent to the chloride 
originally present has been added, the solution will contain a 
suspension of the precipitate of silver chloride and small but 
equal molar concentrations of silver ions and chloride ions. The 
concentration of each is therefore 1 X 10~*° molar. Although 
this is the desired end-point, the addition of more silver nitrate 
causes a further slight precipitation of silver chloride because — 
by the common ion effect the solution of silver chloride is de- 
creased by the excess silver ions. It is desirable therefore to 
make use of an indicator which will give at the equivalence 
point a distinct color change or some other visible change. 
Indicators for Precipitation Methods. — Various types of in- 
dicators are used in precipitation titrations. One method is to 
make use of secondary precipitation. The Mohr method for the 
determination of chloride makes use of this type of indicator. 
At the beginning of the titration with silver nitrate, a small 
amount of potassium chromate is added to the solution. Silver 
chloride, being more insoluble than silver chromate, is pre- 
cipitated first. At or near the equivalence point a precipitate of 
silver chromate takes place and this is recognized by its reddish 
color. It is possible to calculate the concentration of chromate 
required to be originally present in a solution in order theoret- 
ically to precipitate silver chromate at the equivalence point 
of the chloride titration. The solubility product of silver chro- 
mate is: [Agt]*[CrO.-] = 2 X 10-¥. Since, as shown above, 
at the equivalence point in the titration of chloride the concen- 
tration of silver ion is 1 X 10~> molar, the concentration of 
chromate which will cause precipitation of silver chromate at 
DENG Io 12 
(x 10-9 
Gay Lussac’s method (“equal turbidity method”) of carrying 
out a titration of chloride with silver nitrate is to make use of 
the fact that at the equivalence point a small portion of the 
supernatant liquid will give the same degree of turbidity on the 


this point is = 0.02 molar. 
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addition of a small amount of excess silver nitrate as on the 
addition of an equal amount of chloride. . 

Adsorption indicators are sometimes used, particularly in the 
titration of halides or of silver. At the beginning of the titration 
of a neutral solution of a chloride the colloidal particles of the 
precipitate of silver chloride are negatively charged because of 
adsorbed chloride ions on the surface of the particles. If fluores- 
cein or some of its derivatives is added to the solution at this 
point, the solution acquires the natural yellowish-green color 
of the organic compound. When the equivalence point is reached, 
the adsorbed chloride ions on the surface of the precipitate are 
destroyed and the precipitate then adsorbs silver ions, becoming 
positively charged. Now fluorescein is adsorbed on the surface 
of positively charged particles, and when this occurs the silver 
chloride precipitate assumes a distinct reddish color which is 
taken as the end-point of the titration. The color change is on 
the surface of the precipitate and not in the solution itself. 

The use of an internal soluble color indicator is illustrated in the 
Volhard method given in the following section. The silver thio- 
cyanate that is formed in this titration has a solubility product: 
_ [Agt]ICNS-] = 7 X 10-8. The concentration of thiocyanate 
at the equivalence point is therefore ./7 X 107-8 = 8.4 X 1077. 
The formation of the red soluble complex iron salt takes place 
sufficiently close to this point to make the method satisfactory. 

Another type of indicator is illustrated in the Liebig method 
for determining cyanide as outlined in the next section. 


DETERMINATION OF SILVER AND HALIDE BY THE 
THIOCYANATE PROCESS 


The addition of a solution of potassium or ammonium thio- 
cyanate to one of silver in nitric acid causes a deposition of silver 
thiocyanate as a white, curdy precipitate. If ferric ions are 
also present, the slightest excess of the thiocyanate over that 
required to combine with the silver is indicated by the deep red 
which is characteristic of the thiocyanate test for iron. 
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The reactions involved are: 
Agt + CNS- — AgCNS 
6 CNS~ + Fet++ — Fe(CNS)¢=. 


The normal solution of potassium thidcyanate should contain 
a gram-molecular weight of the salt, or 97.17 grams per liter of 
solution. If ammonium thiocyanate is used, the amount is 76.11 
grams. 


PREPARATION OF THE SOLUTION 


Procedure. — To prepare the solution for this determination, 
dissolve about 5 grams of potassium thiocyanate, or 4 grams of 
ammonium thiocyanate, in a small amount of water; dilute this 
solution to 1000 ml. in a liter (or larger) bottle and mix as usual. 
An approximately 0.05 N solution is formed. 

A strong solution of ferric alum in nitric acid is used as an 
indicator (see Appendix). About 5 ml. are used for each titration. 


STANDARDIZATION 


Method A 


Procedure. — Crush a small quantity of silver nitrate crystals 
in a mortar (Note 1). Transfer them to a watch-glass and dry 
them for an hour at 110° C., protecting them from dust or other 
organic matter (Note 2). Weigh out two portions of about 
0.35 gram each and dissolve them in 50 ml. of water. Add 10 ml. 
of dilute nitric acid which has been recently boiled to expel the 
lower oxides of nitrogen, if any, and then add 5 ml. of the indi- 
cator solution. Run in the thiocyanate solution from a buret, 
with constant stirring, allowing the precipitate to settle occa- 
sionally to obtain an exact recognition of the end-point, until 
a faint red tinge can be detected in the solution. 

From the data obtained, calculate the normality of the thio- 
cyanate solution. 


Method B 


Procedure. — Weigh out two portions of pure metallic silver 
_ (Note 3) of about 0.20 gram each. Dissolve in 1 5 ml. of dilute 
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nitric acid (6 N) and boil until all the nitrous compounds are | 
expelled. Add 5 ml. of the indicator solution and continue as 
in Method A. 


Notes. —1. The thiocyanate cannot be accurately weighed; its 
solutions must, therefore, be standardized against silver nitrate (or 
pure silver), either in the form of a standard solution or in small, 
weighed portions. 

2. The crystals of silver nitrate sometimes inclose water which is 
expelled on drying. If the nitrate has come in contact with organic 
bodies, it suffers a reduction and blackens during the heating. 

A standard solution of silver nitrate (made by weighing out the 
crystals) is convenient if many titrations of this nature are to be made. 
In the absence of such a solution the liability of passing the end-point is 
lessened by setting aside a small fraction of the silver solution, to be 
added near the close of the titration. 

3. Proof silver can be obtained from the U. S. Mint, Philadelphia, Pa. 
This standard has none of the disadvantages of silver nitrate mentioned 
in the preceding note. 


DETERMINATION OF SILVER IN A COIN 


Procedure. — Weigh out two portions of the coin of about 0.5 
gram each. Dissolve them in 15 ml. of dilute nitric acid (sp. 
gr. 1.20) and boil until all the nitrous compounds are expelled 
(Note 1). Cool the solution, dilute to 50 ml., and add 5 ml. of 
the indicator solution, and titrate with the thiocyanate to the 
appearance of the faint red coloration (Note 2). 

From the corrected volume of the thiocyanate solution re- 
quired, calculate the percentage of silver in the coin. 

Notes. —1. The reaction with silver may be carried out in nitric 
acid solutions and in the presence of copper, if the latter does not ex- 
ceed 70 per cent. Above that percentage it is necessary to add silver 
in known quantity to the solution. 

The liquid must be cold at the time of titration and entirely free from 
nitrous compounds, as these sometimes cause a reddening of the indi- 
cator solution. All utensils, distilled water, the nitric acid, and the 
beakers must be free from chlorides, as the presence of these will cause 
precipitation of silver chloride, thereby introducing an error. 

2. The solition containing the silver precipitate, as well as those 
from the standardization, should be placed in the receptacle for “silver 
residues” as a matter of economy. 
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DETERMINATION OF CHLORINE IN A CHLORIDE 


Procedure. — Weigh out accurately two portions of the 
chloride of about 0.20 gram each. Dissolve in 200 ml. of hot 
water and add 5 ml. of dilute nitric acid which has been pre- 
viously boiled to remove lower oxides of nitrogen. Calculate 
the weight of silver nitrate required theoretically to precipitate 
the chloride from the samples, assuming them to consist of pure 
sodium chloride unless more specific information as to their na- 
ture isavailable. Into separate small beakers weigh out accurately 
amounts of pure dry silver nitrate crystals about 10 per cent 
in excess of the amounts calculated. Dissolve in a little water 
and add slowly to the corresponding solutions of chloride, rinsing 
out the beakers thoroughly with hot water to remove all of the 
silver nitrate (Note 1). Keep the solutions warm until the silver 
chloride has coagulated sufficiently to yield a clear filtrate. 
Filter off the precipitate (Note 2) and wash with hot water which 
has been slightly acidified with previously boiled nitric acid. 
Titrate the silver in the filtrate with standard thiocyanate solu- 
tion using ferric alum as the indicator. Calculate the percentage 
of chlorine (Cl) in the chloride sample (Note 3). 


Notes. — 1. It is also feasible to prepare a stock solution of silver 
nitrate and add it from a pipet of appropriate volume. The value 
of a pipetful of the silver nitrate solution in terms of the thiocyanate 
solution is then established by separate titration. This method does 
away with the necessity of procuring pure silver nitrate crystals but 
tends to greater waste of silver. 

2. Filtration is necessary since silver thiocyanate is more insoluble 
than silver chloride and the latter would be converted into the former 
during the titration. 

It is possible to dilute the solution containing the suspended precip- 
itate to exactly 500 ml. in a measuring flask, to filter the well-mixed 
solution through a dry filter, rejecting the first few milliliters of filtrate, 
and to collect for titration exactly 250 ml. of the filtrate in a measuring 
flask. The final results must of course be multiplied by two. This 
method eliminates the washing of the precipitate. 

3. This method is equally applicable to the analysis of bromides, 
iodides, cyanides, and thiocyanates, all of which yield quantitatively 
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insoluble precipitates with silver ions from acid solution. Except in | 
the case of the cyanide it is not necessary to filter the silver salt pre- 
cipitate. Silver bromide and silver iodide are each more insoluble 
than silver thiocyanate. 


STOICHIOMETRY 


The following examples illustrate the computations involved 
in the above two types of analyses and in a few closely related 
determinations. 


Example I. — What is the normality of a solution of potassium 
thiocyanate and how many grams of KCNS are contained in each 
liter if 19.80 ml. are required to titrate the silver in a 0.1000-gram 
sample of an alloy which contains 90.20% Ag and 9.80% Cu? 








Solution. — 
A 
19.80 X N X = 
X 100 = 90.20 
0.1000 
N = 0.04223 = normality KCNS. Ans. 
KCNS 
0.04233 X = 4.103 grams. Ans. 


x 


Example II. — To a half-gram sample of impure strontium 
chloride are added 1.784 grams of pure silver nitrate crystals. 
After dissolving, and filtering out the precipitated silver chloride, 
the filtrate requires 25.50 ml. of 0.2800 N KCNS. What is the 
percentage of SrCl, in the sample? 


Solution. — Number of gram-milliequivalents AgNO; added = 








1000 
Number of gram-milliequivalents KCNS required = 


25.50 X 0.2800 = 7.14 
Net gram-milliequivalents = 10.50 — 7.14 = 3.36 
SrCl, 
3:3 2000 
0.5000 








100 =(53.20%. Ans. 
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Example III.— A sample of feldspar weighs 2.000 grams. 
It is decomposed by heating with a mixture of calcium carbonate 
and ammonium chloride (J. L. Smith method) and after leaching 
with water, filtering and igniting, yields\a mixture of sodium 
chloride and potassium chloride weighing 0.2558 gram. This 


mixture is dissolved in water and 35.00 ml. of a AgNO; solution 
10 
are added. The filtrate from the silver chloride precipitate 
then requires 0.92 ml. of a KCNS solution to give a red color 
50 


with ferric ions. Calculate the percentage of potassium (K) 
in the feldspar. Express also as % KO. 


Solution. — Let x = grams KCl 
Then 0.2558 — x = grams NaCl 
Number of milliequivalents of chlorides 








rate 0.2558 —x 
WEG NaCl ~ 
1000 1000 
Therefore 
a 4 22555 —# = (35.00 X 0.1000) — (0.92 X 0.02000) 
1000 1000 
whence x = 0.243 gram KCl 


K 
0.243 X i<el 


2.000 


KO 
0.243 X aKa 


X 100 = 6.36% K. Ans. 


2.000 X 100 = 7.66% KO. Aus. 


(See page 198 for discussion of chemical factors.) 


Example IV.— Tf a soluble cyanide is titrated with a solu- 
tion of silver nitrate the silver ions first react to form a soluble 
complex salt: 2CN- + Agt-—>Ag(CN).-. The next drop of 
silver solution then forms a precipitate of the normal silver 
cyanide: Ag(CN).~ + Agt — Ag,(CN)». A study of the molar 
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relationships in the above reactions shows that if a certain vol- 
ume of silver solution is required to give the first trace of per- | 
manent precipitate, an additional equal volume must be added 
to precipitate completely all of the cyanide as Ag,(CN)2. The 
Liebig method for determining cyanide makes use of this soluble 
complex formation. The sample is dissolved and titrated with 
standard silver nitrate solution to the first faint permanent 
turbidity. 

A 0.2000-gram sample of impure sodium cyanide requires 


N 
24.95 ml. of ae AgNO; solution to form a faint permanent tur- 


bidity. What is the percentage purity of the sodium cyanide? 


” Solution. — 24.95 X 2 = 49.90 ml. = volume of AgNO; solu- 
tion equivalent (as regards complete precipitation) to the NaCN. 
49.90 X a ety 
20 1000 

0.2000 





100 = 61.13%. Ans. 


Example V.— An alloy of nickel, free from interfering con- 
stituents, weighs 0.1000 gram and is dissolved in acid. The 
solution is made ammoniacal and is treated with 49.80 ml. of 
potassium cyanide solution: Ni(NHs3)st+ + 4 CN- + 6 H,0 > 
Ni(CN), --6NH,OH. The excess cyanide is then titrated 
with 5.91 ml. of standard silver nitrate solution to a faint tur- 
bidity as in the Liebig method (see Example IV), except that 
potassium iodide is used as the indicator since silver cyanide is 
soluble in the ammonia present, but silver iodide is not. The 
potassium cyanide solution contains 7.810 grams KCN per 
liter; the silver nitrate solution contains 0.01699 gram AgNOs3 
per milliliter. Calculate the percentage of nickel in the allov 
7.810 
KCN 
ie: 
Normality of AgNO3 = nee = 0.1000 N 


1000 





Solution. — Normality of KCN = = 0.1200 N 
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0.1000 
0.1200 


xX 2 = 9.85 ml. KCN solution 





5.91 ml. AgNO; = 5.91 X 


Ni 
(49.80 — 9.85) X 0.1200 X — 
ace X 100 = 70.32%. Ans. 





0.1000 


PROBLEMS 


129. In the volumetric analysis of silver coin (90% Ag), using a 0.5000- 
gram sample, what is the least normal value that a potassium thiocyanate 
solution may have and not require more than 50 ml. of solution in the 
analysis? Answer: 0.08339 N. 


130. A mixture of pure lithium chloride and barium bromide weighing 
0.6000 gram is treated with 45.15 milliliters of o.2017 N silver nitrate, 
and the excess titrated with 25.00 ml. of 0.1 N KCNS solution, using ferric 
alum as an indicator. Calculate the percentage of bromine as bromide in 
the sample. Answer: 40.11%. 


131. A mixture of the chlorides of sodium and potassium from 0.5000 
gram of feldspar weighs 0.1500 gram, and after solution in water requires 
22.71 ml. of o.1012 N silver nitrate for the precipitation of the chloride ions. 
What are the percentages of Na2O and K.0O in the feldspar? 


Answer: 8.24% NazO; 9.14% K;0. 


132. A sample of alkali iodide containing inactive impurities weighs 
0.5000 gram. It is dissolved in water, and 60.00 ml. of silver nitrate solu- 
tion (containing the equivalent of 0.002122 gram of metallic silver per 
milliliter) are added. This is in excess of the amount necessary to precipi- 
tate the iodide and the excess requires 1.03 ml. of potassium thiocyanate 
solution (of which too ml. will precipitate 0.1247 gram of silver from solu- 
tion). Calculate the percentage of iodine present as iodide in the sample. 


Answer: 29.64%. 


133. A sample containing potassium cyanide weighs 0.400 gram and 
‘ IN as : 
requires 16.00 ml. of 3 silver nitrate solution to obtain a faint permanent 


turbidity. What is the percentage of KCN in the sample? If the sample 

also contained 10.0% of KCl, what volume of the silver nitrate solution 

would be required to precipitate the cyanide and chloride completely? 
Answer: 65.1%; 36.3 ml. 


134. In the analysis of a sample of silicate weighing 0.800 gram, a mix- 
ture of NaCl and KCl weighing 0.2400 gram was obtained. The chlorides 
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N 
were dissolved in water, 50 ml. of a AgNOs added, and the excess of silver 


titrated with KCNS solution using ferric alum as an indicator. In the last 
titration 14.46 ml. were used and the reagent was exactly 0.3% stronger 
in normality than the AgNO; solution. Find the percentage of K,O and 
of Na,O in the silicate. Answer: 11.8% K20;_ 5.9% Naz0. 
135. A mixture of KCN, KCNS, and K;SOx (the last assumed to have no 
effect on the titration) weighing 0.6000 gram reacts with 18.4 ml. of AgNOs 
solution containing 5.35 grams AgNO; per liter, before a permanent precipi- 
tate is obtained. At this point 75.0 ml. more of the silver solution are added 


N 
and the excess titrated with 12.0 ml. of bs KCNS. Find the percentage 


composition of the mixture. 
Answer: 12.5% KCN; 15.8% KCNS; 71.7% K2SOu. 
136. A mixture of LiCl and BaBrz weighing 0.5000 gram is treated with 


N 
37-60 ml. of a silver nitrate and the excess of the latter titrated with 


N 2 ; 
18.50 ml. of — thiocyanate solution. Find the per cent Ba in the mixture. 
9 


Answer: 34.4%. 
137. A nickel ore weighing 1.200 grams was analyzed by the volumetric 
’ method. The ammoniacal solution was treated with 48.00 ml. of cyanide 
- solution (containing o.o140 gram of KCN per ml.) and the excess cyanide 
requires 0.50 ml. of silver nitrate solution (containing 0.0125 gram of AgNOs 
per ml.). Calculate the percentage of nickel in the ore. 


Answer: 12.5%. 


138. What is the percentage of nickel in an ore if, when analyzed volu- 
metrically by the cyanide method, 20.00 ml. of potassium cyanide solution 
(containing one-tenth of a gram-millimole of KCN per ml.) and 1.50 ml. of 
silver nitrate (containing two-tenths of a gram-millimole of AgNOs per ml. 
were used? Weight of sample taken = 0.2500 gram. Answer: 8.20%. 


CHAPTER XVII 
POTENTIOMETRIC METHODS 


General Discussion. — We have seen how the hydrogen-ion 
concentration and pH value of a solution change during the 
progress of an acidimetric or alkalimetric titration (p. 54). These 
values were calculated from ionization constants, and in a given 
titration the type of curve obtained by plotting these values 
against corresponding volumes of titrating solution were of help 
in determining the proper indicator to use. 

In a potentiometric acidimetric titration the pH values of a 
solution are experimentally determined during the progress of the 
titration. By plotting these values against corresponding volumes 
of titrating solution added, curves similar to those shown in 
Fig. 3 are obtained. From them the equivalence point of the 
titration can be established without the use of an indicator. It 
is only necessary to find the volume of titrating solution corre- 
sponding to the mid-point of the inflection of the curve. Poten- 
tiometric methods are of especial importance in the titration of 
turbid or highly colored solutions where the use of an indicator 
is either unsatisfactory or impossible. Potentiometric methods 
also have the advantage of establishing the actual hydrogen-ion 
concentration of a solution as well as its total neutralizing power. 
They can also be used to advantage, as we shall see, in oxidation 
processes. 

We have seen how the E.M.F. of a voltaic cell is related to the 
concentrations of the components of the cell. A potentiometric 
titration makes practical application of this relationship. By 
setting up a cell in which the solution being titrated forms one 
half-cell and a known equilibrium system the other half-cell, the 
experimentally determined E.M.F. of the whole cell serves as a 


measure of the relative concentrations of the constituents of 
_ the solution. 


170 


POTENTIOMETRIC METHODS 171 


Potentiometric Acidimetric Titrations. — Suppose a solution of 
acetic acid is to be titrated potentiometrically with a standard 
sodium hydroxide solution. A hydrogen electrode (a platinum 
electrode, the lower part of which is covered with platinum 
black and over which pure hydrogen gas is constantly bubbled) is 
immersed in the solution. The solution is connected by means 
of a capillary tube containing potassium chloride to a calomel 
half-cell. This consists of metallic mercury in contact with a 
solution saturated with mercurous chloride and one normal 


: : : : N 
with respect to potassium chloride. (Sometimes a ee KCl or a 


saturated solution of KCl is used.) See Fig. 5. 
Hg | Cl-(1 m.), } HgeCl,| | H+, # H2(z atm.) | Pt. 
The electrode potential of the normal calomel cell at 25° C. is 
N 
+ 0.285 volt (or + 0.338 volt using To MCh or + 0.246 volt 
using saturated KCl). Therefore 
Hg + Cl = + HgeCle + e FE; = + 0.285 
0.0591 Ht 
(2 H(t atm.) = H+ +e E, = EX + 59 log Fah 
=o + 0.0591 log [H*] 





E == Ey — EF 
= 0.285 — 0.0591 log [H*] 
E — 0.285 
pH = — log [H+] = Soci 


The titration is made by adding small increments of titrating 
solution, and the E.M.F. of the cell is determined after the addi- 
tion of each increment. The corresponding pH values can be 
calculated from the above formula. If these pH values (or the 
E.M.F. values themselves) are plotted against total volumes of 
sodium hydroxide added, a curve similar to that shown in Fig. 3 
is obtained. By bisecting the nearly vertical line of inflection, 
the volume of titrating solution corresponding to the equiva- 
lence point can be read off. In a similar way other acids or bases 


1 Partial pressures rather than concentrations are used for gases. 
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can be titrated and not only can the pH value of the solutions 
be determined at any point of the neutralization process but the 
equivalence point can be determined with an accuracy approach- 
ing that of an indicator titration. Such a titration is independent 
of the color or turbidity of 
the solution and of the in- 
tensity of illumination. 
The Potentiometer 
Principle. — The measure- 
ment of the electromotive 
force of a cell is usually 
made by means of a slide- 
wire arrangement as shown 
in Fig. 5. In this diagram, 
R represents a rheostat, G a sensitive galvanometer, K a key for 
closing the circuit, MO a wire of uniform cross-section, S a 
source of electricity of constant E.M.F., preferably from a 





Fic. 5 





storage battery, and E the cell to be measured. It is seen that 
the fall of potential MN is in opposition to the voltage of E, 
and when the two are equal, no current will flow through the 
- galvanometer. Therefore, if the fall of potential MN is known, 
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the voltage of EZ is measured without drawing any current 
from £. 

Let us suppose now that a standard Weston cadmium cell 
with a voltage of 1.0183 volts is placed at Z and the point WV is 
so adjusted that MN spans 1018.3 scale divisions. The resistance 
R is then adjusted until the galva- 
nometer shows no deflection. Hence 
every scale division now represents a 
fall of potential of one millivolt, and 
when the standard cell at £ is re- 
placed by the cell to be measured 
(Fig. 6) the new position NW’ which 
balances the cell shows directly the 
voltage in millivolts. 

From the E.M.F. value of a cell 
consisting of a calomel electrode and 
a hydrogen electrode dipping in a 
solution (Fig. 6), the pH value of the 
solution can be calculated from the 
formula given in the preceding sec- 
_ tion. In some forms of apparatus a 
constant resistance can be inserted in 
the circuit of such magnitude as to 
cause the slide-wire scale divisions to 
represent pH values directly. 

Since in most potentiometric titra- 
tions the voltages are used merely to 
establish a titration graph from which 
the end-point can be determined, it Fic. 7 
is not necessary in such cases to use an 
apparatus which is as precise as is needed where exact pH values 
are required. The Hildebrand apparatus is a simplified form of 
titration apparatus and the hook-up is illustrated in Fig. 7. An 
outer circuit consists of a dry cell C, a rheostat R, and a volt- 
meter V. The resistance R is varied until no deflection of the 
galvanometer G is observed when the key K is momentarily 
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closed. This indicates that the voltage of the outer (dry cell) 
circuit as read from the voltmeter is equal to that of the inner 
circuit as given by the solution. The titration is carried out by 
adding increments of titrating solution, with intermediate read- 
ings from the voltmeter which are plotted against the total 
volumes as explained above. 

The Quinhydrone Electrode. — In many potentiometric de- 
\terminations of pH values and electrometric titrations of acids, 
the use of the quinhydrone electrode is much more convenient 
than the use of the hydrogen electrode. The latter requires 
carefully prepared platinum sponge, a hydrogen generator, 
purifying trains, and is more or less troublesome to operate. 
The quinhydrone electrode on the other hand consists merely 
of a few crystals of an equimolecular mixture of quinone and 
hydroquinone (made by pouring a hot solution of ferric am- 
monium sulfate into a solution of hydroquinone and recrystal- 
lizing the precipitated crystals) added directly to the solution to 
be titrated. A plain platinum wire and the regular calomel cell 
are used as electrodes. 

When quinhydrone dissolves it dissociates into hydroquinone 
and quinone according to the following equilibrium: 


C.H.02H: = C,;H.02 + 2 Ht + PA 


(hydroquinone) (quinone) 
In a solution containing H+ ions and the above dissociation 
products of quinhydrone, the potential of the electrode at a 
given temperature is directly related to the hydrogen-ion concen- 
tration. Its potential at 25° C. is greater than that for the hydro- 
gen electrode in the same solution by 0.700 volt. Using a calomel 
cell (in which the KCl is one-normal) as the other half-cell, and 
making it the negative electrode in the outer circuit (positive 
to quinhydrone in the inner circuit) we have: 
quinhydrone electrode: £, = + 0.700 + 0.0591 log [H*] 
calomel cell: EE, = + 0.285 

E = E, — E; = 0.415 + 0.0591 log [H+] 

0.415 —E 


H == = ————— or 
P log us 0.0591 


POTENTIOMETRIC METHODS 175 


At about pH = 7 the value of E drops to zero and on the alkaline 
side of this point the calomel cell should be used as the positive 
electrode and the values of E given a negative sign. 

The quinhydrone electrode does not give correct values in 
solutions which are more alkaline than about pH = 9. 

Potentiometric Oxidation-Reduction Titrations.— We can 
trace the changes in E.M.F. during a simple oxidation-reduction 
titration just as we did in the case of pH values in a neutralization 
titration. Suppose 30 ml. of a tenth-normal solution of ferrous 
sulfate are titrated at 25° C. with a tenth-normal solution of 
ceric sulfate. During the first stage of the titration ferrous and 
ferric ions are present and the ratio of the latter to the formei 
is progressively increasing. The E.M.F. of the ferrous-ferric 
system at any stage of this part of the titration can be calcu- 
lated from the formula: 


0.0591, _[Fet++] 
1 18 Tre] 


Fet++] 


= + 0.748 + 0.0591 log oe 








E, = EY + 





_ Thus when 10 ml. of ceric sulfate have been added, 


and EF, = +0.730. At the equivalence point (= 30 ml. 
Ce(SOx)2): 


Fet+ + Cena = Fett+ +4 Cett+ 


the concentrations of ferric and cerous ions are equal and those 
of ferrous and ceric ions are equal. Beyond the equivalence point 
the predominating system is that of cerous-ceric ions: 


0.0591, [Cet+++] 
Z log [Cet++] 





E, = Eh + 
etH+4] 


[C 
= + 1.45 + 0.0591 log TGeaay 


E.M.F. values at different points in this titration are shown in 
Fig. 8. 
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N i 9 5 a 
If the titration of 30 ml. of a sulfate is made with on 


potassium bichromate (6 Fe++ + Cr,0;- + 14 Ht — 6 Fet+* + 
2 Cr+++ + 7H,0) the final portion of the curve will depend 


TITRATION OF 80 ML. FeSO4 
(N/10) WITH N/10 Ce (S04)o 


eH 
Pitt tf 





E ay ao i 
ML 


Fic. 8 


upon the E.M.F. of the system: 2 Crt++ + 7 H.O = Cr.07-= + 
14 H+ + 6. The electrode potential of the chromic-bichromate 
system therefore becomes: 

0.0590 ,, [CrsOr IE 

6 horete 

o9sor j, [CrOmIn 

eS Cee 
It is seen that in this titration the acidity of the solution also 
influences the form of the titration curve. 

Potentiometric titrations can thus be applied to volumetric 
oxidation-reduction titrations as well as to acidimetric titrations. 
The E.M.F. values are obtained by means of a potentiometric 

apparatus similar to that used in acidimetric titrations except 


EE, = EY + 





= +130 $+ 2" 
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that the hydrogen electrode is replaced by a plain platinum wire. 
In the titration of ferrous ions with bichromate: 
+44 

EF, = + 0.748 + 0.0591 log ian 

E> (calomel) = + 0.285 

E=£, — E, = 0.463 + 0.05901 log peel 

; ‘ [Fet+] 

When the potentials are plotted against volumes of titrating 
solution added, the equivalence point is found as usual by bisect- 
ing the nearly vertical part of the curve. The change in E.M.F. 
at this point is usually so great that it is often unnecessary to 
tabulate the values for the E.M.F. in order to determine the 
volume of titrating solution corresponding to a sudden inflec- 
tion of the curve. The titrating solution is added in small incre- 
ments until the voltmeter shows a very sudden deflection and 
the volume is read directly from the buret. 

Potentiometric titrations can of course be applied to oxidation 
reactions other than ferrous ions to ferric ions. The E.M.F. 
at the equivalence point is different for different reactions but 
the sudden change in voltage is common to all. 

In potentiometric oxidation titrations potassium bichromate 
or ceric sulfate can be used to greater advantage than potassium 
permanganate as the oxidizing medium because of greater stabil- 
ity. Furthermore, in the determination of iron, the ferric iron 
can be reduced by means of stannous chloride and the solution 
can be titrated potentiometrically without destroying the excess 
stannous salt. A curve with two inflections is obtained, the first 
corresponding to the completion of the oxidation of the excess 
stannous salt, and the second corresponding to the completion 
of the oxidation of the ferrous salt. The difference between the 
volumes corresponding to the two inflections is the volume of 
standard solution equivalent to the iron in the sample. 

Potentiometric Precipitation | Methods. — Potentiometric 
methods can be applied to many precipitation titrations. In 
the titrations of chloride with standard silver nitrate solution, 
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or in the titration of silver with standard chloride solution, the 
concentration of silver ion changes during the progress of the 





Fic. 9 


titration, and we have seen (page 160) that at the equivalence 
point this concentration is 1 X 10~*. By making use of the system: 
Ag | Agt || 4 Hg2Ch, Cl-(z m.) | Hg 

the silver-ion concentration can be experimentally measured. A- 
silver electrode and a regular normal calomel electrode are used, 
and the general hook-up and manipulation are essentially the 
same as in oxidation-reduction titrations. Here, 

0.0 


S 2" log [Agt] 





Ey, = + 0.799 + 
Ey = + 0.285 
E = E, — Ey = + 0.514 + 0.0591 log [Ag+]. 
At the equivalence point, for example, [Agt] = 1 x 10-5 and 
E = 0.218 volt. Figure 9 shows the graph of the titration of 
30 ml. of 4 NaCl (diluted to 100 ml.) with N AgNOs. 
10 
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PROBLEMS 


139. Using a regular hydrogen electrode and calomel electrode, a dilute 
acid solution gives a potential measurement at 25° C. of 580 millivolts. 
What is the hydrogen-ion concentration and the pH value of the solution? 
What color could be given to the solution by a drop of methyl orange? 

Answer: 1.02 X 107-5; 4.99; yellow. 

140. What is the pH value of a solution of which the hydrogen-ion con- 
centration is 10 N? 8.5 X 10711 N? Of which the hydroxyl-ion con- 
centration is 4.6 X 10712 N? What would be the E.M.F. shown by each 
of these solutions using hydrogen-calomel electrodes? 


Answer: 4; 10.07; 2.663; 521, 880, 442 millivolts. 
141. The pH value of a solution at 25° C. is 10.6. What is its hydrogen- 


ion concentration? Its hydroxyl-ion concentration? What E.M.F. would 
be given by this solution using normal calomel and hydrogen electrodes? 


Answer: 2.81 X 1074; 3.98 X 1074; 0.911 volt. 


142. What E.M.F. is given by a cell consisting of a platinum wire and a 
normal calomel half-cell dipping in a dilute solution of acetic acid 7.0 X Tone 
molar in hydrogen ions and containing hydroquinone? What is the pH 
value of the solution? Answer: 0.228 volt; 3.16. 


143. Indicate which way the following reaction will go and calculate the 
E.MLF. which can be obtained if the reaction takes place reversibly in a 
voltaic cell (i.e. without drawing any current from it). 

2 Fe++(o.0r molar) + Cl(0.01 molar) = 2 Fe***(0.2 molar) + 

2 Cl-(o.2 molar) 


Answer: To right; 0.517 volt. 


144. A cell consists of a normal calomel half-cell and a platinum electrode 
dipping in a solution o.1 molar in ferric ions and o.4 molar in ferrous ions. 
What is the E.M.F. of the cell? Answer: 0.427 volt. 


14s. A hydrogen electrode and a calomel electrode in contact with a 
solution at 25° C. show a potential difference of 740 millivolts. What is 
the pH value of the solution? Is the solution acidic or basic as compared to 
pure water? What color would be given to the solution by a drop of phenol- 
phthalein? Litmus? Methyl orange? 

Answer: 7.7; basic; colorless; blue; yellow. 


146. Plot the following values of millivolts against milliliters of = NaOH 


solution in the potentiometric titration of 2.50 grams of vinegar at 25° C. 
using the normal hydrogen-calomel electrodes. Calculate the percentage of 
acetic acid in the vinegar. At what volume of NaOH is the solution exactly 
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neutral and at what volume does the equivalence point occur? What 
is the pH value at the end-point? 0.0 ml. = 420 millivolts; 4.0 ml. = 475 : 


8.0 ml. = 540; 12.0 ml. = 588; 16.0 ml. = 620; 18.0 ml. = 638; 
19.0 ml. = 650; 19.4 ml. = 670; 19.8 ml. = 790; 20.0 ml. = 830; 
20.2 ml. = 856; 20.5 ml. = 875; 21.0 ml.\= goo; 22.0 ml. = 930; 
24.0 ml. = 948; 28.0 ml. = 970; 32.0 ml. = 985. 

Answer: 4.75%; 19.2 ml.; 19.8 ml.; 8.55. 


147. A sample of pure FeSO, + (NH4)2SO4+ 6 HO weighing 0.808 gram 
is dissolved in acidified water and titrated potentiometrically with bichro- 
mate solution. The following millivolts were obtained for the correspond- 


ing volumes of bichromate: 0.0 ml. = 355 millivolts; 2.50 ml; = 363; 
5.00 ml. = 372; 7.50 ml. = 383; 10.0 ml. = 395; 15.0 ml. = 425; 
17.5 ml. = 440; 19.0 ml. = 480; 20.0 ml. = 530; 21.0 ml. = 605; 
22.0 ml. = 650; 23.0 ml. = 683; 24.0 ml. = 7or1; 25.0 ml, = 712; 
30.0 ml. = 733; 35.0 ml. = 746. 


A sample of limonite weighing 0.500 gram was then dissolved in HCI, the 
iron reduced with a slight excess of SnCl, and the solution titrated potentio- 
metrically by means of the above bichromate solution (the excess stannous 
salts being oxidized first). The following millivolts were obtained for the 
corresponding volumes of bichromate: 0.0 ml. = 83 millivolts; 1.00 ml. = 92; 
2.00 ml. = 105; 2.50 ml, = 125; 3.00 ml. = 152; acc ee 


5.00 ml. = 262; 6.00 ml. = 303; 7.00 ml. = 334; 8.00 ml. = 348; 
9.00 ml. = 356; 10.0 ml. = 361; 12.5 ml. = 380; 15.0 ml. = 301; 
20.0ml. = 409; 22.5 ml. = 419; 25.0 ml. = 430; 27.0 ml. = 452; 
28.0 ml. = 475; = 29.0 ml. = 512; 30.0ml. = 561; 31.0 ml. = 588; 
32.5 ml. = 612; 35.0 ml. = 627; 40.0 ml. = 641; 45.0 ml. = 648. 


Calculate the percentage of iron (Fe) in the limonite. Answer: 27.5%. 


148. A sample of sodium carbonate is known to contain inert matter and 
either NaOH or NaHCO. In the potentiometric titration of a 1-gram sam- 


ple with - HCl, using a calomel cell and a hydrogen electrode, the follow- 


ing data were obtained. Plot the titration graph and from it determine the 
nature and approximate composition of the sample. o.oml. = 1023 millivolts; 


2.5 ml. = 1003; 5.0 ml. = 996; 7-5 ml. = 980; 10.0 ml. = 950; 
12.5 ml. = 931; 15.0 ml. = 925; 17.5 ml. = 918; 20.0 ml. = 903; 
22.5 ml. = 857; 23.5 ml. = 770; 25.0ml. = 694; 27.5 ml. = 656; 
30.0 ml. = 635; 32.5 ml. = 620; 35-0 ml. = 587; 36.0 ml. = 550; 
37-5 ml. = 443; 40.0 ml. = 4os; 42.5 ml. = 386; 45.0 ml. = 375; 
47.5 ml. = 370; 50.0 ml, = 366. 


Answer: 10%: NazCO3; 20%; NaOH. 


PART til 
GRAVIMETRIC ANALYSIS 


CHAPTER XVIII 


GENERAL DISCUSSION OF GRAVIMETRIC 
PRINCIPLES 


Gravimetric analysis involves the following principal steps: 
first, the weighing of the sample; second, the solution of the 
sample; third, the separation of some substance from solu- 
tion containing, or bearing a definite relation to, the constituent 
to be measured, under conditions which render this separation 
as complete as possible; fourth, the segregation of that substance, 
commonly by filtration; and finally, the determination of its 
weight, or that of some derivative formed from it on ignition. 
_ For example, the gravimetric determination of aluminum is 
accomplished by solution of the sample, precipitation of the 
aluminum in the form of the hydroxide, collection of the hy- 
droxide upon a filter, complete removal by washing of all foreign 
soluble matter, and the burning of the filter and ignition of the 
precipitate to aluminum oxide, in which condition it is weighed. 

Analytical Separations. — Before a desired constituent can be 
isolated in weighable form it is usually necessary to make one 
or more separations from constituents which would otherwise 
interfere with the quantitative results either by partial or by 
complete co-precipitation, or by some other effect. Several 
methods are employed in quantitative analysis for effecting such 
separations, and most of them are the familiar methods used 
in qualitative analysis. 

A constituent is occasionally separated by volatilization. The | 


separation of osmium and ruthenium from the other platinum 
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metals is almost invariably made by distilling from solution the 
volatile tetroxides of these elements. Arsenic trichloride is like- 
wise volatile and can be separated by ae from strong 
hydrochloric acid solution. ‘ 

A substance can sometimes be separated by extraction with a 
suitable solvent. Ferric chloride is one of the few inorganic salts 
soluble in ether. By shaking a solution approximately 6-normal 
in hydrochloric acid.with ether which has been saturated with 
hydrochloric acid, nearly all of any ferric iron originally present 
in the aqueous solution will pass into the ether layer and can be 
removed. The separation is not quantitative, but by repeated 
extractions with fresh ether, the amount of iron remaining in the 
aqueous layer can be made negligibly small. This particular 
separation is especially useful in the determination of small 
amounts of certain metals in alloy steels or in other materials 
containing large quantities of iron. Most of the iron can be 
removed by extraction and the remainder by precipitation as 
ferric hydroxide, in which case only a small amount of precipi- 
tate requires filtration and washing. Co-precipitation effects 
(page 186) are greatly reduced and the time of the analysis is 
shortened materially. 

Extractions with solvents follow the so- Sealed Distribution Law 
which states that at a given temperature a solute distributes 
itself between two immiscible solvents in such a way that when 
equilibrium is reached the ratio of the two concentrations of the 
solute is a constant. Thus at 25° C. the distribution ratio of 
bromine between carbon tetrachloride and water is 2 5. If roo ml. 
of water containing 0.100 gram of dissolved bromine are shaken 
with 50 ml. of carbon tetrachloride, the number of grams (x) 
of bromine remaining in the aqueous layer can be found from 
the relationship: 

100 — x 


BO 
x ~ 


100 
% = 0.0074 gram. 
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Separations are sometimes effected by the formation of complex . 
ions. A familiar case is that of the separation of copper from 
iron. The addition of an excess of ammonium hydroxide to a 
solution containing both cupric and ferric ions gives a pre- 
cipitate of Fe(OH); whereas the copper forms the complex ion 
Cu(NHs3),++, and remains in solution. 

Electrolytic separations will be discussed in a subsequent 
chapter. 

Methods Based on Solubility. — Most of the separations in 
quantitative analysis are based on differences in solubility. For 
a substance to be precipitated its solubility product (see page 35) 
must be exceeded. For example, in a solution containing silver 
ions, before a precipitate of silver chloride will form, a sufficient 
amount of chloride ions must be added so that the product of 
the molar concentration of silver ions and the molar concentra- 
tion of chloride ions at 25° C. will be 1.2 X 107%. Furthermore, 
if a solution is saturated with silver chloride, it is apparent that 
the addition of either silver ions or chloride ions will cause further 
precipitation of silver chloride. From this it is seen that in the 
absence of other equilibria, in the precipitation of silver from 
solution, the greater the amount of chloride added, the more 
complete would be the precipitation of the silver. An analogous 
situation exists in the precipitation of other ionized substances. 
This is an important principle of gravimetric analysis, but it 
should be borne in mind that too great an excess of precipitant 
may be definitely disadvantageous for several reasons. First, 
it is wasteful of reagent, for in most cases, after a moderate 
excess of precipitant has been added, little is gained in decrease 
in solubility by the addition of more reagent. Second, adsorption 
and other co-precipitation effects are increased by the presence 
of large amounts of soluble material. Third, secondary reactions 
may occur between the precipitated substance and the precipitant 
when the latter is present in large amounts. For example, silver 
chloride is capable of reacting with chloride ion according to 
the equation: 

AgCl +2 Cl- = AgCls~. 


ou 
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Here it is seen that from the mass-action principle the greater the 
chloride-ion concentration the greater will be this solvent effect 
forming the complex ion. In most cases of precipitation in quanti- 
tative analysis a 10 per cent excess of reagent is desirable and 
more than that excess is undesirable. Exceptional cases are 
usually cited in the analytical procedures themselves. 

Fractional Precipitation. — It is sometimes possible to effect 
the separation of two constituents by the careful addition of a 
precipitating agent which is capable of forming insoluble com- 
pounds with both constituents. This can be done effectively 
only if the solubilities of the two compounds are sufficiently far 
apart. Thus, silver chloride (solubility product = 1 X 107") 
and silver chromate (solubility product = 1.2 X 1071”) are both 
insoluble compounds. If silver ions are added to a solution con- 
taining both chloride ions and chromate ions, silver chloride, 
having the lesser molar solubility, will precipitate first. Assum- 
ing that sufficient silver is added to reduce the chloride-ion con- 
centration to 5 X 10-* molar (= 0.18 milligrams per liter), the 
concentration of silver ions can be calculated as follows: 

[AgtiG ex 10%) = eos 
[Agi =< a0r% 
The concentration of unprecipitated chromate ions is therefore: 
(2X 20°)? |CrO Gh = 12 os 
[CrO.-] = 3 X 10-8 molar 
= 350 mgs. per liter. 


Separations Based on Regulation of pH. — A careful regula- 
tion of hydrogen-ion concentration is essential in many analytical 
separations. The student will recall the importance of careful 
control of acidity in the separation of the copper-tin group from 
the iron-aluminum group in qualitative analysis. Here the pri- 
mary and secondary ionization constants of hydrogen sulfide 
were involved, the product of the two constants giving the 
equation: 

+]2[S= 
Ta = EX IOr (Aten), 
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When a solution 0.3 molar in hydrogen-ion is saturated with - 
hydrogen sulfide, the above values become approximately: 
(0.3)71[S7] 


ei (on) = 1.1 X 107” 


and the sulfide-ion concentration is 1.2 X 10~?%. Since the solu- 
bility products of copper sulfide and of zinc sulfide are 8.5 X 10-** 
and 1.2 X 10-8 respectively, the amount of copper unprecipi- 
Sb exton® 5 
tated would be —————— = 7 X 10-8 moles per liter (= 4.4 
120K 107 
X 10-7! grams per liter) whereas any amount of zinc up to 
t.2 x 10778 t ‘ 
——— =o.1 mole per liter (= 6.5 grams per liter) would 
io 1O0 
remain in solution. A smaller hydrogen-ion concentration than 
that specified would result in an increase in the sulfide-ion con- 
centration which might bring about partial precipitation of zinc 
sulfide or of other members of the iron-aluminum group. 
Another case in both qualitative and quantitative analysis 
where a careful regulation of hydrogen-ion concentration is im- 
portant is in the separation of magnesium from certain members 
of the iron-aluminum group (see also page 227). The ionization 
constant of ammonium hydroxide is 


[NH.*][OH-] 
[NH.,OH] 


The addition of a considerable quantity of a highly ionized 
ammonium salt to a solution containing ammonium hydroxide 
results in a large increase in the concentration of ammonium 
ions and hence in a decrease in the hydroxyl-ion concentration. 
The latter is brought to such a low value that even with large 
amounts of magnesium ions present the solubility product of 
magnesium hydroxide ([Mg*t+][OH-]? = 3.4 X 107") is not 
reached, while very insoluble hydroxides like ferric hydroxide 
([Fet+++][OH-]® = 1.1 X 10%) are practically completely precip- 
itated. 

The so-called basic acetate procedure is another instance where 


= r178°x 10° (at'25- C.), 


S, . 
ce 
— 
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a common-ion effect is used in analytical chemistry to bring 
about certain separations. If to an acetic acid solution containing 
say a ferric salt and a manganous salt, is added a large amount 
of sodium acetate, a marked decrease in hydrogen-ion concentra- 
tion results (see Example I on page 36). The sodium acetate 
acts as a buffer in that in its presence the hydrogen-ion concentra- 
tion changes only slightly even on the addition of mineral acid. 
The acidity of the solution can thus be controlled to bring about 
hydrolysis and precipitation of very insoluble ferric hydroxide, 
and leave the manganese and other divalent elements in solution 
(solubility product Mn(OH)2 = 4.0 X 1071). 

Other methods are available for regulating the acidity of a 
solution to bring about separations by hydrolysis. Neutralization 
of acid by means of zinc oxide and by means of barium carbonate 
are used. The use of sodium thiosulfate for this purpose is inter- 
esting. If an acid solution containing titanium ions and ferric 
ions is boiled with sodium thiosulfate, the thiosulfate reacts 
with the acid: SO; + 2H+—S+S0O,+H,0. The SQ, re- 
duces the ferric ions to ferrous ions and any excess SO, is 
boiled out. The resulting hydrogen-ion concentration is such 
that the titanium hydrolyzes and precipitates out as TiO(OH). 
whereas the solubility product of ferrous hydroxide is not 
reached. 

Co-Precipitation.— If an excess of ammonium hydroxide 
solution is added to a solution containing ferric ions, the iron is 
practically completely precipitated as ferric hydroxide. If an 
excess of ammonium hydroxide solution is added to a solution 
containing zinc ions, the zinc will be held in solution in the form 
of complex ions (Zn(NHs3)4++). On the other hand, if an excess 
of ammonium hydroxide is added to a solution containing both 
ferric and zinc ions, a very considerable part of the zinc will be 
found in the ferric hydroxide precipitate. The amount of co- 
precipitation in this case depends on the relative amounts of the 
two cations, their concentrations, the temperature, the rate of 
addition of the ammonium hydroxide, etc. Even when a single 
constituent is present in solution the precipitate of that con- 
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stituent is often contaminated with appreciable amounts of the - 
precipitant itself. Thus, the addition of barium chloride solution 
to a dilute solution of sulfuric acid will precipitate barium 
sulfate, but varying amounts of chloride will be found in the 
precipitate depending on the dilution, rate of addition of precipi- 
tant, temperature, etc. 

The mechanism of co-precipitation is not clearly understood. 
In many cases it may be due principally to a surface attraction 
of the precipitate for the soluble material. This is especially true 
of flocculent precipitates where the amount of surface exposed 
is sometimes surprisingly large. The phenomenon is usually 
referred to as adsorption. Again there may be mechanical 
entrapping of the solution within the pores of the precipitate. 
The formation of insoluble double compounds between the pre- 
cipitate and precipitant or other soluble substances present is 
also possible. Thus, in the above cited case of the precipitation 
of barium sulfate by barium chloride, the precipitate of barium 
sulfate may contain chloride in the form of some such compound 

Cl 
as Ba*—~SO,. This phenomenon is often called inclusion. It has 

BaZCl 
also been suggested that the contaminating substance may actu- 
ally be dissolved in the precipitate in the form of a solid solution. 
The situation is complicated by the fact that probably several 
or all of these effects are involved in any specific case. In all 
cases the washing of the precipitate beyond the point of the 
removal of the superficially adhering liquid is very inefficient in 
removing the contaminating substances. 

Whatever may be the mechanism of co-precipitation, the 
phenomenon is of the utmost importance in quantitative analysis. 
Because of co-precipitation, many of the separations so fre- 
quently used in qualitative analysis are unsuited for quantitative 
procedures, and many methods of determination which seem 
perfect in theory do not work out when applied in the laboratory 
to practical cases. 

Co-precipitation is specific. That is, the extent of co-precipita- 
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tion depends on the nature of the precipitate and of the soluble 
substance. It occurs at the time of the formation of the precipi- 
tate, and the extent of co-precipitation varies with the concentra- 
tion of the soluble substance in the solution from which the 
precipitation is made. After a precipitate has once formed, the 
addition of soluble substances to the suspension of the precipitate 
causes very little, if any, contamination. 

Fortunately for the precision of quantitative analysis it is 
possible in a great majority of cases to so decrease the extent of 
co-precipitation that its effect is negligible. There are several 
ways of doing this. In cases where a specific constituent would 
cause contamination of a given precipitate, it is often possible 
previously to remove by volatilization, by extraction, or by 
precipitation that interfering constituent. Usually precipitations 
in quantitative analysis are made from very dilute solutions and 
the concentrations of interfering substances in such cases are 
very low. The amount of contamination is thus often inappreci- 
able, for, as stated above, the extent of co-precipitation varies 
with the concentration of the interfering substance. The analyst 
very frequently extends this principle still further by making 
use of the process of double precipitation. Here a precipitate 
which has come down from dilute solution is washed more or 
less superficially. It is then dissolved in a suitable solvent, the 
solution diluted again to a large volume, and the constituent 
reprecipitated. When the first precipitate is dissolved and the 
solution diluted, the concentration of the relatively small amount 
of contaminating substance present in the first precipitate is 
made so small that the extent of contamination is negligible in 
the second precipitate. For example, if ferric iron is precipitated 
as hydroxide in the presence of considerable amounts of sulfate, 
the precipitate is always contaminated with sulfate, even when 
the precipitation is made from dilute solution. On the other 
hand, if the precipitate is filtered, washed, dissolved in hydro- 
chloric acid, diluted to a relatively large volume, and the iron 
precipitated again with ammonia, the amount of sulfate in the 
washed precipitate is negligible. In cases where some of the 
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precipitant is brought down with the precipitate, it is essential | 
that the precipitant be added very slowly to the well-stirred 
solution in order that there shall be no localized high concentra- 
tion of precipitant in the solution. 

Occasionally it is possible to weigh a contaminated precipitate 
and then determine the amount of contamination by subsequent 
analysis of the precipitate, correcting the weight by this amount. 
Thus, in the case of a precipitate of barium sulfate containing 
co-precipitated chloride, the weighed precipitate may be fused 
with sodium carbonate, leached with water, acidified, and the 
chloride precipitated and weighed as silver chloride. The orig- 
inal weight of the barium sulfate can then be corrected for the 
amount of chloride it contained. 

Types of Precipitates. — Precipitates obtained in analytical 
work are of many types. We encounter the coarsely crystalline 
precipitate of lead chloride, the fine crystalline precipitate of 
barium sulfate, the curdy precipitate of silver chloride, and the 
gelatinous precipitate of ferric hydroxide. Since the extent to 
which adsorption occurs depends to a great extent on the surface 
exposed by the precipitate, it is important to attempt to obtain 
_ a precipitate as coarsely crystalline as is feasible, for the type of 
precipitate obtained is not entirely a specific property of the 
substance in question, and it is possible in some cases to control 
its crystalline character. 

One factor which influences the crystalline character of a 
given precipitate is the relationship between the solubility of 
the substance (S) and the concentration (Q) of the substance 
momentarily produced when the precipitating agent is added. 





In general, the greater the ratio Q 5 o the more finely divided 


will be the particles initially precipitated and the more rapidly will 
they be formed. Thus, if equal volumes of 3.5 molar Ba(SCN)2 

h Q-S_ 1.75 —(1 X 107) 
and 3.5 molar MnSO. are mixed ee amis ay oaan fs 
= 175,000), a gelatinous precipitate of BaSO, is instantly ob- 
tained. If very dilute solutions of sulfate and barium ions are 
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mixed (e.g. e—= = 125), compact crystals are slowly formed. 


It is obvious that the latter type of precipitate is to be preferred 
in quantitative analysis, partly because of a lesser adsorption of 
impurities and partly because of greater ease of washing. 

In general, therefore, precipitations of very insoluble sub- 
stance in quantitative analysis are best made from very dilute, 
hot solutions, and the precipitate allowed to “age” by standing 
in contact with the mother liquor as long as is feasible in order 
that the crystalline particles may grow in size. In the case i 
= 

Ss 
ratio is small no matter how the precipitating agent is added, 
so that coarse crystals are practically always obtained and ad- 
sorption effects are negligible. In this case, because of the ap- 
preciable solubility of the precipitate, it is necessary to carry out 
the precipitation from cold, concentrated solution. 

Funnels and Filters. — Filtration in analytical processes is 
most commonly effected through paper filters. In special cases 
these may be advantageously replaced by an asbestos filter in a 
perforated porcelain or platinum crucible, commonly known, 
from its originator, as a Gooch filter. The operation and use of a 
filter of this type is described on page 201. Porous crucibles of 
a material known as alundum may also be employed to advantage 
in special cases. 

The glass funnels for use with paper filters should have an 
angle as near 60° as possible, and a narrow stem about six 
inches in length. The filters should be washed filters, 7.e. those 
which have been_treated with hydrochloric and _hydrofluoric 
acids, and which on incineration leave a very small and definitely 
known weight of ash, generally about | 0.00005 gram. Such 
filters are readily obtainable. > tne 

The filter should be carefully folded to fit the funnel according 
to either of the following two methods: 

A. Fold the filter paper along its diameter and again fold 
along the radius at right angles to the original fold. A cone is 





moderately soluble precipitates like lead sulfate, the 
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formed which, on opening, has an angle of 60°. Funnels for 
analytical use are supposed to have this same angle, but are 
rarely accurate. It is possible, however, with care, to fit a filter 
thus folded into a funnel in such a way as to prevent air from 
passing down between the paper and the funnel. An unbroken 
column of liquid in the stem, by its gentle suction, promotes 
the rate of filtration. 

B. (1) Fold the paper along one diameter; (2) open the paper 
and fold it at right angles to the first fold; (3) turn the paper 
over and mark on the edge the half-way point between two of the 
creases; (4) imagining the paper to be the face of a compass, 
hold it so that the mark corresponds to the “ northeast”’ position; 
(5) fold the point of the crease corresponding to the “ south” 
position upon this mark and crease the paper; (6) make a fold 
along the diameter at right angles to this last fold; (7) place 
the paper in the funnel with alternate segments folded over; 
(8) moisten the paper and with the finger, fit it snugly to the 
funnel. The filter paper will then have four short segments 
where there are three thicknesses and four where there is one 
thickness, alternately distributed around the funnel. This paper 
can be more closely and uniformly fitted to the funnel and thereby 
prevents the entrance of air and the breaking of the column of 
liquid. In dissolving a precipitate from such a filter, the student 
should lift each of the four folds in order that the solvent may act 
upon any precipitate that may have worked its way underneath. 

The paper should be of such size that the upper edge is about 
one-fourth of an inch below the top of the funnel. Under no 
circumstances should the filter extend above the edge of the fun- 
nel, as it is then utterly impossible to effect complete washing. 

To test the efficiency of the filter, fill it with distilled water. 
This water should soon fill the stem completely, forming a con- 
tinuous column of liquid which, by its hydrostatic pressure, 
produces a gentle suction, thus materially promoting the rapidity 
of filtration. Unless the filter allows free passage of water under 
these conditions, it is likely to give much trouble when a pre- 
cipitate is placed upon it. 
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The use of a suction pump to promote filtration is rarely 
advantageous in quantitative analysis, if paper filters are em- 
ployed. The tendency of the filter to break, unless the point 
of the filter paper is supported by a perforated porcelain cone 
or a small “hardened filter” of parchment, and the tendency of 
the precipitates to pass through the pores of the filter, more 
than compensate for the possible gain in time. On the other 
hand, filtration by suction may be useful in the case of precipi- 
tates which do not require ignition before weighing, or in the 
case of precipitates which are to be discarded without weighing. 
This is best accomplished with the aid of the special apparatus 
called a Gooch filter referred to above. 

Filtration and Washing of Precipitates. — Solutions should be 
filtered while hot, as far as possible, since the passage of a liquid 
through the pores of a filter is retarded by friction, and this, for 
water at 100° C., is less than one-sixth of the resistance at 0° C. 

When the filtrate is received in a beaker, the stem of the 
funnel should touch the side of the receiving vessel to avoid loss 
by spattering. Neglect of this precaution is a frequent source 
of error. 

The vessels which contain the initial filtrate should always 
be replaced by clean ones, properly labeled, before the washing 
of a precipitate begins. In many instances a finely divided pre- 
cipitate which shows no tendency to pass through the filter at 
first, while the solution is relatively dense, appears at once in 
the washings. Under such conditions the advantages accruing 
from the removal of the first filtrate are obvious, both as regards 
the diminished volume requiring refiltration, and also the smaller 
number of washings subsequently required. 

Much time may often be saved by washing precipitates by 
decantation, z.e. by pouring over them, while still in the original 
vessel, considerable volumes of wash-water and allowing them 
to settle. The supernatant, clear wash-water is then decanted 
through the filter, so far as practicable without disturbing the 
precipitate, and a new portion of wash-water is added. This 
procedure can be employed to special advantage with gelatinous 
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precipitates, which fill up the pores of the filter paper. As the 
medium from which the precipitate is to settle becomes less 
dense it subsides less readily, and it ultimately becomes necessary 
to transfer it to the filter and complete the washing there. 

A precipitate should never completely fill a filter. The wash- 
water should be applied at the top of the filter, above the pre- 
cipitate. It may be shown mathematically that the washing is 

most rapidly accomplished by filling the filter well to the top 
with wash-water each time, and allowing it to drain completely 
after each addition; but that when a precipitate is to be washed 
with the least possible volume of liquid the latter should be applied 
in repeated small quantities. 

Gelatinous precipitates should not be allowed to dry before 
complete removal of foreign matter is effected. They are likely 
to shrink and crack, and subsequent additions of wash-water 
pass through these channels only. 

All filtrates and wash-waters without exception must be prop- 
erly tested. This lies at the foundation of accurate work, and the 
student should clearly understand that it is only by the invari- 
able application of this rule that assurance of ultimate reliability 
can be secured. Every original filtrate must be tested to prove 
complete precipitation of the compound to be separated, and 
the wash-waters must also be tested to assure complete removal 
of foreign material. In testing the latter, the amount first 
taken should be but a few drops if the filtrate contains material 
which is to be subsequently determined. When, however, the 
washing of the filter and precipitate is nearly completed the 
amount should be increased, and for the final test not less than 
3 ml. should be used. 

It is impossible to trust to one’s judgment with regard to the 
washing of precipitates; the washings from each precipitate of a 
series simultaneously treated must be tested, since the rate of 
washing will often differ materially under apparently similar 
conditions. No exception can ever be made to this rule. 

The habit of placing a clean common filter paper under the 
receiving beaker during filtration is one to be commended. On 
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this paper a record of the number of washings can very well be 
made as the portions of wash-water are added. 

It is an excellent practice, when possible, to retain filtrates and 
precipitates until the completion of an analysis, in order that, in 
case of question, they may be examined to discover sources of 
error. 

For the complete removal of precipitates from containing 
vessels, it is often necessary to rub the sides of these vessels to 
loosen the adhering particles. This can best be done with a 
device made by slipping over the end of a stirring rod a strip of 
soft rubber sometimes called a “ policeman.” 

Desiccators. — Desiccators should be filled with fused, anhy- 
drous calcium chloride, over which is placed a clay triangle, or 
an iron triangle covered with silica tubes, to support the crucible 
or other apparatus. 

Pumice moistened with concentrated sulfuric acid may be 
used in place of the calcium chloride, and is essential in special 
cases; but for most purposes the calcium chloride, if renewed 
occasionally and not allowed to cake together, is efficient and 
does not slop about when the desiccator is moved. 

Desiccators should never remain uncovered for any length of 
time as the dehydrating agents rapidly lose their efficiency on 
exposure to the air. The cover of the desiccator should be made 
air-tight by the use of a thin coating of vaseline. 

Crucibles. — It is often necessary in quantitative analysis to 
employ fluxes to bring into solution substances which are not 
dissolved by acids. The fluxes in most common use are sodium 
carbonate and sodium or potassium acid sulfate. In gravimetric 
analysis it is usually necessary to ignite the separated substance 
after filtration and washing, in order to remove moisture, or to 
convert it through physical or chemical changes into some 
definite and stable form for weighing. Crucibles to be used in 
fusion processes must be made of materials which will withstand 
the action of the fluxes employed, and crucibles to be used for 
ignitions must be made of material which will not undergo any 
permanent change during the ignition, since the initial weight 
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of the crucible must be deducted from the final weight of the 
crucible and product to obtain the weight of the ignited sub- 
stance. The three materials which satisfy these conditions, in 
general, are platinum, porcelain, and silica. 

Platinum crucibles have the advantage that they can be em- 
ployed at high temperatures, but, on the other hand, these 
crucibles can never be used when there is a possibility of the 
reduction to the metallic state of metals like lead, copper, silver, 
or gold, which would alloy with and ruin the crucible. When 
platinum crucibles are used with compounds of arsenic or phos- 
phorus, special precautions are necessary to prevent damage. 
This statement applies to both fusions and ignitions. 

Fusions with sodium carbonate are usually made in platinum, 
since porcelain or silica crucibles are attacked by this reagent. 
Acid sulfate fusions, which require comparatively low tempera- 
tures, can sometimes be made in platinum, although platinum 
is slightly attacked by the flux. Porcelain or silica crucibles 
may be used with acid fluxes. 

Platinum crucibles should never be used for fusions with sodium 
hydroxide, potassium hydroxide, or sodium peroxide. 

Silica crucibles are less likely to crack on heating than porce- 
lain crucibles on account of their smaller coefficient of expansion. 
Ignition of substances not requiring too high a temperature may 
be made in porcelain or silica crucibles. 

Tron, nickel, or silver crucibles are used in special cases. 

In general, platinum crucibles should be used whenever such 
use is practicable, and this is the custom in private, research, or 
commercial laboratories. Platinum has, however, become so 
valuable that it is liable to theft unless constantly under the 
protection of the user. As constant protection is often difficult 
in instructional laboratories, it is advisable, in order to avoid 
serious monetary losses, to use porcelain or silica crucibles when- 
ever these will give satisfactory service. 

Preparation of Crucibles for Use. — All crucibles, of whatever 
material, must always be cleaned, ignited, and allowed to cool 
in a desiccator before weighing, since all bodies exposed to the 
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air condense on their surfaces a layer of moisture which increases 
their weight. The amount and weight of this moisture varies 
with the humidity of the atmosphere, and the latter may change 
from hour to hour. The air in the desiccator (see above) is kept — 
at a constant and low humidity by the drying agent which it 
contains. Bodies which remain in a desiccator for a sufficient 
time (usually 20-30 minutes) retain, therefore, on their surfaces 
a constant weight of moisture which is the same day after day, 
thus insuring constant conditions. 

Hot objects, such as ignited crucibles, should be allowed to 
cool in the air until, when held near the skin, but little heat is 
noticeable. If this precaution is not taken, the air within the 
desiccator is strongly heated and expands before the desiccator 
is covered. As the temperature falls, the air contracts, causing 
a reduction of air pressure within the covered vessel. When the 
cover is removed (which is often rendered difficult), the inrush 
of air from the outside may sweep light particles out of a crucible, 
thus ruining an entire analysis. 

Constant heating of platinum causes a slight crystallization of 
the surface, which, if not removed, penetrates into the crucible. 
Gentle polishing of the surface destroys the crystalline structure 
and prevents further damage. If sea sand is used for this purpose, 
great care is necessary to keep it from the desk, since beakers 
are easily scratched by it, and subsequently crack on heating. 

Platinum crucibles stained in use may often be cleaned by 
fusing in them potassium or sodium acid sulfate, or by heating 
with ammonium chloride. If the former is used, care should 
be taken not to heat so strongly as to expel all of the sulfuric 
acid, since the normal sulfates sometimes expand so rapidly on 
cooling as to split the crucible. The fused material should be 
poured out, while hot, upon a dry tile or iron surface. 

Ignition of Precipitates. — Although the details of the ignition 
of a precipitate vary somewhat with the character of the precipi- 
tate, its moisture content, and the temperature to which it is 


to be heated, the general procedure may be considered to consist 
of three steps: 
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1. The precipitate is dried. This can be accomplished in 
several ways. A piece of wet filter paper can be folded over the 
top of the funnel containing the washed precipitate to protect 
it from dust, and the funnel placed in a hot closet for a few hours. 
The folded filter paper containing the precipitate can be placed 
in the crucible in which the ignition is to be made and dried in 
the hot closet. 

A much more rapid method is to fold the edges of the paper 
over the precipitate and place in the crucible in which the ignition 
is to be made, preferably with the 
mouth of the paper cone toward the 
bottom of the crucible. The crucible 
is then supported at an incline on a 
wire triangle and a crucible cover is 
laid against the mouth of the crucible 
so as to give a chimney effect for 
the circulation of air as shown in 
Fig. 1o B. A very small flame is 
then applied to the cover. The re- 
sulting circulation of warm air very 
quickly dries the paper and precip- 
itate. A 

2. The filter paper is burned off. 

This is accomplished by applying a very small flame to the 
base of the inclined crucible containing the dried precipitate 
(see Fig. to A). The paper should smoulder off and never 
be permitted to catch on fire. Otherwise there is danger of 
fine particles of precipitate being swept out and in the case of 
some precipitates, of reduction of the precipitate by the carbon 
of the paper. 

3. The precipitate is ignited. After the paper has been burned 
off, the heat at the base of the crucible is gradually increased, 
usually to the full heat of the Tirrill or Bunsen burner. Often 
the final heating is made with the higher temperature of a Meker 
or Fischer burner or of a blast lamp. In any case, the final 
heating is made with the crucible in a vertical position. 
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Precipitates are always ignited to constant weight, that is, until 
the loss in weight between two heatings is negligible (usually less 
than 0.5 milligram). 


STOICHIOMETRY > 


Chemical Factor. —In gravimetric analysis a constituent is 
isolated as a weighable compound of definite, known composition. 
From the weight of the latter the weight of the constituent can be 
calculated by multiplying by a factor. This factor is called a 
chemical factor and represents that weight of desired constituent 
equivalent to one unit weight of given substance. Thus, the 


chemical factor for converting a given weight of barium sulfate 
50093 

an 233.4 = 0.1375; 

since one atom of sulfur (atomic weight = 32.06) is present in 

one molecule of barium sulfate (molecular weight = 233.5). 

The chemical factor for converting a given weight of ferric oxide 


(Fe.O;) into the equivalent amount of ferrous oxide (FeO) is 
aveO °143:6 
Fe,03 i 159.6 


: ‘ ‘ : S 
into an equivalent weight of sulfur is BaSO, 








, and for converting a given weight of Mn;O, 


Mn 164.7 
Mn;30,4 cs 228.7” 
since two molecules of ferrous oxide are equivalent to one mole- 
cule of ferric oxide, and three atoms of manganese are equivalent 
to one molecule of Mn;04. A common ertor in expressing chemi- 
cal factors is to omit the proper coefficient. 

In reactions involving the formation of several intermediate 
compounds, it is in general unnecessary to calculate the weights 
of these compounds in order to find the amount of desired con- 
stituent. The knowledge of the mechanism of the reaction is 
desirable as a means of determining the proper coefficient in 
the chemical factor, and the chemical factor should represent 
directly the desired constituent equivalent to the substance 
weighed. 








into an equivalent amount of manganese is 


Example I.— A sample of magnetite ore (impure Fe3Q,) 
weighing 0.5000 gram is fused with an oxidizing flux and the 


/\ 
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ferric compound so formed is eventually precipitated as ferric 
hydroxide (Fe(OH)s) and ignited to ferric oxide (Fe:O3). The ~ 
weight of the latter is found to be 0.4980 gram. What is the 
percentage of iron in the magnetite ore? Calculate also in terms 
of the oxide Fe3Ou. 


2 Fe 
0.4980 X Te.0; 





Solution. — Ease X 100 = 69.61% Fe. Ans. 
coo 
Aner : eo 
3 
0.5000 X 100 = 96.27% Fe;0,. Ans. 


(In this problem it is not necessary to calculate the weight of 
the intermediate compound Fe(OH);.) 


-Example II.— What weight of pyrite ore (impure FeS,) 
should be taken for analysis so that the number of centigrams 
of ea BaSO, shall be twice the percentage of FeS2? 


FeS, 
; C02 oS Ras; 
Solution, — ————— < i100 =*r * 
: x% = 0.5141 gram. Ans. 
PROBLEMS 


149. Calculate the chemical factor for (a) Sn in SnO;; () MgO in 
Mg2P20;; (c) P20; in Mg2P:0;; (d) Fe in Fe2Os; (e),SO4 in BaSO.. 

Answer: (a) 0.7879; (b) 0.3620; (¢) 0.6378; (d) 0.6990; 
(e) 0.4115. 

150. Calculate the log factor for (2) Pb in PbCrOs; (b) Cr2O3 in PbCrO,; 
‘\. (©) Pb in PbO, and (d) CaO in CaC.0.. 

Answer: (a) 9.8069-10; (0) 9.3713-10; (¢) 9.9376-10; 
(d) 9.6415-I0. 

151. How many grams of Mn;0, can be obtained from 1 gram of MnO? 
How many ounces of Mn,0, can be obtained from 1 pound of MnO;? What 
weight of manganese ore should be taken so that the per cent MnO; in the 
ore can be found by multiplying by 5 the number of centigrams of Mn;O. 
obtained? Answer: 0.8774 gram; 14.04 0z.; 0.2280 gram. 
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152. How much As,O; and how much CuO are equivalent to 1 gram 
of pure paris green, Cus(AsOs3)2* 2 As2O3 * Cu(C2H302) 2? 
Answer: 0.5855 gram; 0.3139 gram. 
153. Phosphate is sometimes determined by precipitating and weighing 
as (NH,)3sPO,*12 MoOs. If the percentage of P.O; were desired, what 
would be the chemical factor? What weight of steel should be taken for 
analysis so that the number of grams of ammonium phospho-molybdate 
precipitate obtained will be 23 times the per cent phosphorous in the steel? 
Answer: 0.0378; 4.13 grams. 
154. Bromide is sometimes determined by precipitation as silver bromide 
DyrwrA which when heated in a current of chlorine is converted to silver chloride. 
we If the latter is weighed, what would be the chemical factor for finding the 
percentage of bromine? Answer: 0.5576. 
155. Calculate (a) the grams of silver in 1.000 gram of silver chloride; 
(6) the grams of carbon dioxide liberated by the addition of an excess of 
acid to 1.000 gram of calcium carbonate; (c) the grams of MgCl, necessary 
to precipitate 1.000 gram of MgNH,4PO.. 
Answer: (a) 0.7526; (6) 0.4397; (c) 0.6940. 
156. How many milliliters of a solution of potassium bichromate con- 
taining 26.30 grams of K,Cr.O; per liter must be taken in order to yield 
0.6033 gram of Cr2O3 after reduction and precipitation of the chromium? 
K.Cr.0, + 3 SO. + H.SO, = K.SO4 + Cr2(SOx)3 + H.0. 
; Answer: 44.39 ml. 
157. After oxidizing the arsenic in 0.5000 gram of pure As2S3 to arsenic 
acid, it is precipitated with ‘“‘magnesia mixture” (MgCl. + 2 NH.Cl). If 
exactly 12.6 ml. of the mixture are required, how many grams of MgCl. 
per liter does the solution contain? H3AsO.,-+ MgCl. + 3 NH.OH = 


MgNH,AsO, + 2 NH.Cl + 3 H.O. Answer: 30.71 grams. 
; 158. A mixture of barium oxide and calcium oxide weighing 2.2120 grams 
= (0 is transformed into mixed sulfates, weighing 5.023 grams. Calculate the 


grams of calcium oxide and barium oxide in the mixture. What weight of 

v oA ° ° “11° a" 
¢ (@ ts limestone should be taken so that one-twentieth the number of milligrams of 
calcium sulfate obtained will represent the percentage of CaO in the mineral? 


120-4 = BO Answer: 1.824 grams CaO; 0.3877 gram BaO; 0.8236 gram. 
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CHAPTER XIX 
ANALYSES OF SOLUBLE SALTS 


DETERMINATION OF CHLORINE IN A SOLUBLE 
CHLORIDE 


Method A — With the Use of a Gooch Filter 


Procedure. — Weigh out to four significant figures duplicate 
samples of 0.25-0.30 gram of the chloride into 200-300 ml. 
beakers. Dissolve each portion of the chloride in 150 ml. of 
distilled water and add about ten drops of dilute nitric acid (sp. 
gr. 1.20) (Note 1). Calculate the volume of silver nitrate solu- 
tion required to effect complete precipitation in each 
case, and add slowly about 5 ml. in excess of that 
amount, with constant stirring. Heat the solutions 
cautiously to boiling, stirring occasionally, and con- 
tinue the heating and stirring until the precipitates 
settle promptly, leaving a nearly clear supernatant 
liquid (Note 2). This heating should not take place 
in direct sunlight (Note 3). The beaker should be 
covered with a watch-glass, and both boiling and 
stirring so regulated as to preclude any possibility 
of loss of material. Add to the clear liquid one or 
two drops of silver nitrate solution, to make sure 
that an excess of the reagent is present. If a precipitate, or 
cloudiness, appears as the drops fall into the solution, heat 
again, and stir until the whole precipitate has coagulated. The 
solution is then ready for filtration. 

Prepare a Gooch filter as follows: Fold over the top of a Gooch 
funnel (Fig.. 11) a piece of rubber-band tubing, such as is known 
as “‘bill-tie” tubing, and fit into the mouth of the funnel a per- 


forated porcelain crucible (Gooch crucible), making sure that 
201 
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when the crucible is gently forced into the mouth of the funnel an 
air-tight joint results. (A small 1- or 14-inch glass funnel may be 
used, in which case the rubber tubing is stretched over the top of 
the funnel and then drawn up over the side of the crucible until 
an air-tight joint is secured.) 

Fit the funnel into the stopper of a filter bottle, and connect 
the filter bottle with the suction pump. Suspend some finely 
divided asbestos, which has been washed with acid, in 20 to 30 
ml. of water (Note 4); allow this to settle, pour off the very fine 
particles, and then pour some of the mixture cautiously into the 
crucible until an even felt of asbestos, not over 35 inch in thick- 
ness, is formed. A gentle suction must be applied while preparing 
this felt. Wash the felt thoroughly by passing through it dis- 
tilled water until all fine or loose particles are removed, increas- 
ing the suction at the last until excess water is removed. Place 
on top of the felt the small, perforated porcelain disc and hold 
it in place by pouring a very thin layer of asbestos over it, wash- 
ing the whole carefully; then place the crucible in a small beaker, 
and place both in a drying closet at 100-110° C. for thirty to 
forty minutes. Cool the crucible in a desiccator, and weigh. 
Heat again for twenty to thirty minutes, cool, and again weigh, 
repeating this until the weight is constant within 0.0003 gram. 
The filter is then ready for use. 

Place the crucible in the funnel, and apply a gentle suction, 
after which the solution to be filtered may be poured in without 
disturbing the asbestos felt. When pouring liquid upon a Gooch 
filter hold the stirring-rod at first well down in the crucible, so 
that the liquid does not fall with any force upon the asbestos, 
and afterward keep the crucible well filled with the solution. 

Decant the liquid above the silver chloride slowly upon the 
filter, leaving as much of the precipitate in the beaker as pos- 
sible. Wash the precipitate twice by decantation with cold 
water; then transfer it to the filter with the aid of a stirring-rod 
with a rubber tip, and a stream from the wash-bottle. 

Examine the first portions of the filtrate which pass through 
-the filter with great care for asbestos fibers, which are most 
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likely to be lost at this point. Refilter the liquid if any fibers 
are visible. Finally, wash the precipitate thoroughly with cold 
water until free from soluble silver salts (Note 5). To test the 
washings, disconnect the suction at the flask and remove the 
funnel or filter tube from the suction flask. Hold the end of 
the tube over the mouth of a small test tube and add from a 
wash-bottle 2-3 ml. of water. Allow the water to drip through 
into the test tube and add a drop of dilute hydrochloric acid. 
No precipitate or cloud should form in the wash-water. Dry the 
filter and contents at 100-110° C. until the weight is constant 
within 0.0003 gram, as described for the preparation of the 
filter. Deduct the weight of the dry crucible from the final 
weight, and from the weight of silver chloride thus obtained 
calculate the percentage of chlorine in the sample of soluble 
chloride (Note 6). 


Notes. — 1. The nitric acid is added before precipitation to lessen 
the tendency of the silver chloride to carry down with it other sub- 
stances which might be precipitated from a neutral solution. A large 
excess of the acid would exert a slight solvent action upon the chloride. 

2. The solution should not be boiled after the addition of the nitric 
acid before the presence of an excess of silver nitrate is assured, since a 
slight interaction between the nitric acid and the chloride ions is possi- 
ble, by which a loss of chlorine, either as such or as hydrochloric acid, 
might ensue. The presence of an excess of the precipitant can usually 
be recognized at the time of its addition, by the increased readiness 
with which the precipitate coagulates and settles. 

3. The precipitate should not be exposed to strong sunlight, since 
under those conditions a reduction of the silver chloride ensues which is 
accompanied by a loss of chlorine. The superficial alteration which 
the chloride undergoes in diffused daylight is not sufficient to materially 
affect the accuracy of the determination. It should be noted, however, 
that a slight error does result from the effect of light upon the silver 
chloride precipitate and in cases in which the greatest obtainable 
accuracy is required, the procedure described under ‘‘ Method B” should 
be followed, in which this slight reduction of the silver chloride is 
corrected by. subsequent treatment with nitric and hydrochloric acids. 

4. The asbestos used in the Gooch filter should be of the finest quality 
and capable of division into minute fibrous particles. A coarse felt 


is not satisfactory. 
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The washed asbestos for this type of filter is prepared by digesting 
in concentrated hydrochloric acid, long-fibered asbestos which has been 
cut in pieces of about 0.5 cm. in length. After digestion, the asbestos 
is filtered off on a filter plate and washed with hot, distilled water until 
free from chlorides. A small portion of the asbestos is shaken with 
water, forming a thin suspension, which is bottled and kept for use. 

5. The precipitate must be washed with warm water until it is abso- 
lutely free from silver and sodium nitrates. It may be assumed that 
the sodium salt is completely removed when the wash-water shows no 
evidence of silver. It must be borne in mind that silver chloride is 
somewhat soluble in hydrochloric acid, and only a single drop should be 
added. The washing should be continued until no cloudiness what- 
ever can be detected in 3 ml. of the washings. 

Silver chloride is but slightly soluble in water. The solubility varies 
with its physical condition within small limits, and is about 0.0018 gram 
per liter at 18° C. for the curdy variety usually precipitated. The 
chloride is also somewhat soluble in solutions of many chlorides, in 
solutions of silver nitrate, and in concentrated nitric acid. 

As a matter of economy, the filtrate, which contains whatever silver 
nitrate was added in excess, may be set aside. The silver can be pre- 
cipitated as chloride and later converted into silver nitrate. 

6. The use of the Gooch filter commends itself strongly when a con- 
siderable number of halogen determinations are to be made, since suc- 
cessive portions of the silver halides may be filtered on the same filter, 
without the removal of the preceding portions, until the crucible is 
about two-thirds filled. If the felt is properly prepared, filtration and 
washing are rapidly accomplished on this filter, and this, combined with 
the possibility of collecting several precipitates on the same filter, is a 
strong argument in favor of its use with any but gelatinous precipitates. 


Method B — With the Use of a Paper Filter 


Procedure. — Weigh out two portions of soluble chloride of 
about 0.25-0.30 gram each and proceed with the precipitation of 
the silver chloride as described under Method A above. When 
the chloride is ready for filtration prepare two 9 cm. washed 
paper filters. Decant the liquid through the filters, wash twice 
by decantation and transfer the precipitates to the filters, finally 
washing them until free from silver solution as described. The 
funnel should then be covered with a moistened filter paper by 
stretching it over the top and edges, to which it will adhere 
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on drying. It should be properly labeled with the student’s 
name and desk number, and then placed in a drying closet, at a 
temperature of about 100-110° C., until completely dry. 

The perfectly dry filter is then opened over a circular piece 
of clean, smooth, glazed paper about six inches in diameter, 
placed upon a larger piece about twelve inches in diameter. 
The precipitate is removed from the filter as completely as pos- 
sible by rubbing the sides gently together, or by scraping them 
cautiously with a feather which has been cut close to the quill 
and is slightly stiff (Note 1). In either case, care must be taken 
not to rub off any considerable quantity of the paper, nor to 
lose silver chloride in the form of dust. Cover the precipitate 
on the glazed paper with a watch-glass to prevent loss of fine 
particles and to protect it from dust from the air. Fold the 
filter paper carefully, roll it into a small cone, and wind loosely 
around the top a piece of small platinum wire (Note 2). Hold 
the filter by the wire over a small porcelain crucible (which 
has been cleaned, ignited, cooled in a desiccator, and weighed), 
ignite it, and allow the ash to fall into the crucible. Place the 
crucible upon a clean clay triangle, on its side, and ignite, with 
a low flame well at its base, until all the carbon of the filter has 
been consumed. Allow the crucible to cool, add two drops of 
concentrated nitric acid and one drop of concentrated hydro- 
chloric acid, and heat very cautiously, to avoid spattering, until 
the acids have been expelled; then transfer the main portion of 
the precipitate from the glazed paper to the cooled crucible, 
placing the latter on the larger piece of glazed paper and brushing 
the precipitate from the smaller piece into it, sweeping off all 
particles belonging to the determination. 

Moisten the precipitate with two drops of concentrated nitric 
acid and one drop of concentrated hydrochloric acid, and again 
heat with great caution until the acids are expelled and the pre- 
cipitate is white, when the temperature is slowly raised until 
the silver chloride just begins to fuse at the edges (Note 3). 
The crucible is then cooled in a desiccator and weighed, after 
which the heating (without the addition of acids) is repeated, 
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and it is again weighed. This must be continued until the weight 
is constant within 0.0003 gram in two consecutive weighings. 
Deduct the weight of the crucible, and calculate the percentage 
of chlorine in the sample taken for analysis. 


Notes. —1. The separation of the silver chloride from the filter is 
essential, since the burning carbon of the paper would reduce a consider- 
able quantity of the precipitate to metallic silver, and its complete re- 
conversion to the chloride within the crucible, by means of acids, would 
be accompanied by some difficulty. The small amount of silver re- 
duced from the chloride adhering to the filter paper after separating 
the bulk of the precipitate, and igniting the paper as prescribed, can be 
dissolved in nitric acid, and completely reconverted to chloride by 

- hydrochloric acid. The subsequent addition of the two acids to the 
main portion of the precipitate restores the chlorine to any silver 
which may have been partially reduced by the sunlight. The excess 
of the acids is volatilized by heating. 

2. The platinum wire is wrapped around the top of the filter during 
its incineration to avoid contact with any reduced silver from the 
reduction of the precipitate. If the wire were placed nearer the apex, 
such contact could hardly be avoided. 

3. Silver chloride should not be heated to complete fusion, since a 
slight loss by volatilization is possible at high temperatures. The 
temperature of fusion is not always sufficient to destroy filter shreds; 
hence these should not be allowed to contaminate the precipitate. 


—_ 


= STOICHIOMETRY 


The method for the gravimetric determination of chloride is 
of course applicable to the determination of bromide or iodide. 
It is also possible to determine the percentage of each halide in 
samples containing mixtures of them. To do this, sufficient 
data must be obtained to furnish as many independent equations 
as there are unknown constituents to be determined. 


Example I.— A sample containing NaCl, NaBr, and inert 
material weighs 1.000 gram, and with excess silver nitrate solution 
gives a precipitate consisting of AgCl and AgBr which weighs 
0.5260 gram. By heating this precipitate in a current of chlorine 
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gas the silver bromide is converted to silver chloride and the 
precipitate then weighs 0.4260 gram. What is the percentage 
of NaCl and of NaBr present in the original sample? 


Solution. — Let x = weight of NaCl 
and y = weight of NaBr. 


AgCl AgBr 
Then € x sea) + ( x xn) = 0.5260 


AgCl AgCl 
and (: Xx xa) te ( Xx ne) = 0.4260 
Solving, «= 0.04225 = 4.23% NaCl 
yY = 0.2314 = 23.14% NaBr. Ans. 











An analogous gravimetric determination is that of the deter- 
mination of sodium and potassium in a silicate ore or similar 
_ material. The sample is heated with a mixture of calcium car- 
bonate and ammonium chloride, leached with water, the cal- 
cium removed, and the solution evaporated to dryness and 
ignited, leaving a mixture of sodium chloride and potassium 
chloride which is weighed and dissolved in water. Then the 
chloride is precipitated with silver nitrate and weighed. From 
- these data, the percentage of Na,O and K,O can be calculated. 
A method (J. L. Smith Method) which gives greater precision 
is to treat the weighed mixture of sodium chloride and potassium 
chloride with chlorplatinic acid (H2PtClk) or perchloric acid 
(HCI1O,) and alcohol and weigh the resulting precipitate of the 
potassium salt (K2PtCls or KClO,). The amount of sodium 
can be calculated by difference. 


Example IT. — A silicate weighing 0.5000 gram is decomposed 
and a mixture of NaCl and KCl is subsequently obtained weigh- 
ing 0.1180 gram. From this mixture a precipitate of AgCl is 
obtained weighing 0.2451 gram. What is the percentage of 
Na;O and of K;0 in the silicate? If the alkali chlorides had been 
treated with chlorplatinic acid and alcohol, what weight of 
K.2PtCls would have been obtained? 
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Let x = weight of KCl 
Then 0.1180 — x = weight of NaCl 
AgCl AgCl 
(« x =) +- (orf —x)xX NaCl) = 22452 
Solving, x = 0.0837 gram KCl 


0.1180 — * = 0.0343 gram NaCl 


837 X K,0 
0.083 oe 
pee X 100 = 10.6% KO 





0.5000 
ees Na,O Ans. 
ae X 100 = 3.64% Na,O 
0.5000 
0.0837 X <a = 0.2729 gram K,PtCl.. Ans. 
PROBLEMS 


159. If a sample of silver coin weighing 0.2500 gram gives a precipitate 
of AgCl weighing 0.2991 gram, what weight of AgI could have been ob- 
tained from the same weight of sample, and what is the percentage of silver 
in the coin? Answer: 0.4898 gram; 90.05%. 


160. One gram of a mixture of silver chloride and silver bromide is found 
to contain 0.6635 gram of silver. What is the percentage of bromine? 
Answer: 21.30%. 
161. A precipitate of silver chloride and silver bromide weighs 0.8132 
gram. On heating in a current of chlorine, the silver bromide is converted 
to silver chloride, and the mixture loses 0.1450 gram in weight. Calculate 
the percentage of chlorine in the original precipitate. Answer: 6.13%. 


162. A mixture of silver chloride and silver iodide on being heated in 
a current of chlorine is converted entirely into silver chloride and is found 
to have lost exactly 6 per cent of its weight. What is the percentage of 
chlorine in the original mixture? Answer: 20.92%. 


163. In what proportion must NaCl and KI be mixed so that the mixture 
shall contain the same percentage of halogen as does pure KBr? 


Answer: 1: 1.4. 


164. A sample of soluble salts weighs 1.200 grams and contains chloride, 
bromide, and iodide. With silver nitrate a precipitate of the silver salts of 
these halides is obtained which weighs 0.4500 gram. On heating this precipi- 
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tate in a current of chlorine gas, the silver bromide and silver iodide are con- 
verted to silver chloride and the precipitate then weighs 0.3300 gram. A 
similar sample when treated with palladous chloride precipitates only the 
iodide as PdI and the latter precipitate weighs 0.0900 gram. Find the 
approximate percentages of chlorine, bromine, and iodine in the original 
sample. Answer: 0.43% Cl; 11% Br; 5.3% I. 


165. A half-gram sample of a silicate is decomposed by the J. L. Smith 
method and a mixture of NaCl and KCl is obtained which weighs 0.1803 
gram. These halides are dissolved in water and treated with silver nitrate. 
The resulting precipitate weighs 0.3904 gram. Calculate the percentage 
of Na.O and of KO in the silicate. 

Answer: 8.78% Na2O; 12.3% KO. 


166. Analyzing a 0.5000-gram sample of a silicate ore by the J. L. Smith 
method gives 0.1500 gram of the mixed alkali salts (NaCl + KCl). From 
these are obtained 0.1200 gram of K2PtCly. Find the percentage of Na,O 
in the mineral. Answer: 12.00%, 

167. If 0.8000 gram of a mineral yields 0.2400 gram of NaCl + KCl 
and this mixture of chlorides contains exactly 58% of chlorine, find the 
percentage of Na2O and of KO in the mineral. 

Answer: 12.7% Na20; 3.83% K.0. 

168. In the analysis of a sample of feldspar weighing 1.060 grams, a 
mixture of the chlorides of sodium and potassium is obtained which weighs 
. 0.2137 gram. Subsequent treatment converts the potassium into KClO, 
weighing 0.2800 gram. What is the percentage of Na.O in the sample? 

Answer: 3.19%. 

169. In the J. L. Smith method for the determination of alkalies in feld- 
spar, if the mixed alkali salts (KCl + NaCl) weigh 0.1506 gram and contain 
55.00% chlorine, what weight of precipitate with perchloric acid would be 
subsequently obtained? Answer: 0.121 gram, 


DETERMINATION OF IRON AND OF SULFUR IN 
FERROUS AMMONIUM SULFATE 


DETERMINATION OF IRON 


Procedure. — Weigh out into beakers (200-250 ml.) two por- 
tions of the sample of about 1 gram each (Note 1). Moisten 
with 5 ml. of dilute hydrochloric acid (Note 2) and dissolve in 
50 ml. of water. Heat the solution to about 80° C., and add sat- 
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urated bromine water, in moderately large excess as indicated 
by the color of the solution and the persistent odor of bromine 
(Care!) above it (Note 3). Heat the solution just below boiling, 
add more bromine, and then heat until the odor of bromine is 
nearly gone. Then pour the solution cautiously into about 
200 ml. of water containing an amount of ammonia slightly 
in excess of that necessary to neutralize the acid and precipitate 
the iron (Note 4). This can be calculated roughly from the 
quantity of acid used and by ‘assuming that the salt is pure 
ferrous ammonium sulfate. Heat the solution to boiling, and 
allow the precipitated ferric hydroxide to settle. Decant the 
clear liquid through a washed filter (11 cm.), keeping as much 
of the precipitate in the beaker as possible. Wash twice by de- 
cantation with 100 ml. of hot water. Reserve the filtrate. Dis- 
solve the precipitate from the filter with hot, dilute hydrochloric 
acid (sp. gr. 1.12), adding it in small portions, using as little as 
possible and noting the volume used. Collect the solution in the 
beaker in which precipitation took place. Add a few milliliters 
of bromine water, boil for a few minutes, and again pour into a 
calculated excess of ammonia. 

Wash the precipitate twice by decantation, and finally transfer 
it to the original filter. Wash continuously with hot water until _ 
finally 3 ml. of the washings, acidified with nitric acid (Note 5), 
show little or no evidences of the presence of chlorides when 
tested with silver nitrate. The filtrate and washings are combined 
with those from the first precipitation and treated for the deter- 
mination of sulfur, as prescribed on page 215. 

Heat a platinum or porcelain crucible, cool it in a desiccator 
and weigh, repeating until a constant weight is obtained. 

Fold the top of the filter paper over the moist precipitate of 
ferric hydroxide and transfer it cautiously to the crucible. Wipe 
the inside of the funnel with a small fragment of washed filter 
paper, if necessary, and place the paper in the crucible. 

Dry the precipitate either in the hot closet or by means of a 
free flame exactly as prescribed on page 197. If the latter method 
is used, take great care to avoid loss by spattering. Smoke 
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off the paper in the prescribed way, being careful not to raise the 
temperature sufficiently high to cause the paper to ignite. 

When the paper is fully charred, move the burner to the base 
of the crucible and raise the temperature to the full heat of the 
burner for fifteen minutes, with the crucible still inclined on its 
side, but without the cover (Note 6). Finally set the crucible 
upright in the triangle and heat at the full temperature of the 
Tirrill burner until the weight is constant within o.co0o5 gram 
(Note 7). 

From the weight of ferric oxide (Fe203) calculate the per- 
centage of iron (Fe) in the sample (Note 8). 


Notes. — 1. If a selection of pure material for analysis is to be made, 
crystals which are cloudy are to be avoided on account of loss of water 
of crystallization; and also those which are red, indicating the presence 
of ferric iron. If, on the other hand, the value of an average sample of 
material is desired, it is preferable to grind the whole together, mix 
thoroughly, and take a sample from the mixture for analysis. 

2. When aqueous solutions of ferrous compounds are heated in the 
air, oxidation of the Fett ions to Fe**t ions readily occurs in the 
absence of free acid. The Ht and OH ions from water are involved 
in the oxidation process and the result is, in effect, the formation of 
some ferric hydroxide which tends to separate. Moreover, at the boil- 
ing temperature, the ferric sulfate produced by the oxidation hydro- 
lyzes in part with the formation of ferric basic sulfate which also tends 
to separate from solution. The addition of the hydrochloric acid pre- 
vents the formation of these precipitates. 

3. Bromine oxidizes ferrous ions to ferric ions (2 Fett + Br, > 
2 Fet++ + 2Br-). If insufficient bromine is used, a dark brown or black 
precipitate of ferrous-ferric hydroxide is subsequently obtained with 
ammonia. If this occurs, hydrochloric acid should be added until the 
precipitate dissolves and the oxidation should then be completed with 
more bromine. 

The excess bromine should be boiled out since it reacts with am- 
monium hydroxide. 

Concentrated nitric acid added dropwise to the boiling solution may 
be used as a substitute for bromine (3 Fett + NO; + 4 Ht — 3 Fett 
+ NO -+ 2H,0). Its disadvantage lies in the fact that the presence of 
nitrates is undesirable in the subsequent precipitation of barium sulfate, 
necessitating one or more evaporations to dryness with hydrochloric 
acid to remove the nitric acid. 
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4. The ferric hydroxide precipitate tends to carry down with it some 
sulfate in the form of ferric basic sulfate. This tendency is lessened if 
the solution of the iron is added to an excess of OH~ ions from the 
ammonium hydroxide, since under these conditions immediate and 
complete precipitation of the ferric hydroxide ensues. A gradual neu- 
tralization with ammonia would result in the local formation of a 
neutral solution within the liquid, and subsequent deposition of a basic 
sulfate as a consequence of a local deficiency of OH~ ions from the 
NH.OH and a partial hydrolysis of the ferric salt. Even with this pre- 
caution the entire absence of sulfates from the first iron precipitate 
is not assured. It is, therefore, redissolved and again thrown down 
by ammonia. The organic matter of the filter paper may occasion a 
partial reduction of the iron during solution, with consequent possi- 
bility of incomplete subsequent precipitation with ammonia. The 
bromine is added to reoxidize this iron. 

To avoid errors arising from the solvent action of ammoniacal liquids 
upon glass, the iron precipitate should be filtered without unnecessary 
delay. 

5. The washings from the ferric hydroxide are acidified with nitric 
acid, before testing with silver nitrate, to destroy the ammonia which 
is a solvent for silver chloride. 

The use of suction to promote filtration and washing is not prescribed. 
The precipitate should not be allowed to dry during the washing. 

6. These directions for the ignition of the precipitate must be closely 
followed. A ready access of atmospheric oxygen is of special impor- 
tance to insure the reoxidation to ferric oxide of any iron which may be 
reduced to magnetic oxide (Fe;0,) during the combustion of the filter. 
The final heating is essential for the complete expulsion of the last 
traces of water from the hydroxide. 

7. Ignited ferric oxide is somewhat hygroscopic. On this account 
the weighings must be promptly completed after removal from the 
desiccator. In all weighings after the first, it is well to place the weights 
upon the balance pan before removing the crucible from the desiccator. 
It is then only necessary to move the rider to obtain the weight. 

8. The gravimetric determination of aluminum or chromium is 
comparable with that of iron just described, with the additional pre- 
caution that the solution must be boiled until it contains but a very 
slight excess of ammonia, since the hydroxides of aluminum and chro- 
mium are more soluble in it than ferric hydroxide. 

The most important properties of these hydroxides, from a quanti- 
tative standpoint, other than those mentioned, are the following: All 
can be precipitated by the hydroxides of sodium and potassium, but 
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always inclose some of the precipitant, and should be reprecipitated — 
with ammonium hydroxide before ignition to oxides. Chromium and 
aluminum hydroxides dissolve in an excess of the caustic alkalies and 
form anions, probably of the formula AlO.- and CrO;-. Chromium 
hydroxide is reprecipitated from this solution on boiling. When first 
precipitated the hydroxides are all readily soluble in acids, but alu- 
minum hydroxide dissolves with considerable difficulty after standing 
or boiling for some time. The precipitation of the hydroxides is pro- 
moted by the presence of ammonium chloride, but is partially or en- 
tirely prevented by the presence of tartaric or citric acids, glycerine, 
sugars, and some other forms of soluble organic matter. The hydroxides 
yield on ignition oxides suitable for weighing (Al,O3, Cr2O3, Fe20s). 


STOICHIOMETRY 


It is sometimes necessary to calculate the volume of a re- 
agent of known specific gravity and percentage composition ~ 
in order to neutralize an acid or base or to precipitate a con- 
stituent. This calculation may be made by first computing the 
normality of the reagent and applying the stoichiometric prin- 
ciples of volumetric analysis, but it is usually easier to apply a 
chemical factor as illustrated in the following example. 


Example.— How many milliliters of ammonium hydroxide 
solution of density 0.950 (containing 12.72% NH; by weight) 
are required to neutralize 50.0 ml. of hydrochloric acid of density 
1.100 (containing 20.0% HCl by weight)? How many milliliters 
of the ammonium hydroxide solution are required to precipitate 
the iron from 0.800 gram of pure FeSO,- (NH4)2SOz- 6 H.O 
after oxidation of the iron to the ferric state? 


Solution. — 50.0 ml. of the acid contain 50.0 X 1.100 X 0.200 


grams of HCl. The weight of NH; required for neutralization 


would be 50.0 X 1.100 X 0.200 X ma = 5.12 grams, Since 





each milliliter of ammonium hydroxide solution contains 1 X 
0.950 X 0.1272 gram of NHs, the volume of ammonium hydroxide 
required for neutralization would be 

02 


——____2——____ = 424ml. Ans. 
I X 0.950 X 0.1272 
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One molecule of ferrous ammonium sulfate furnishes one atom 
of ferrous iron which will be oxidized to one atom of ferric iron. 
The precipitation of one atom of ferric iron by ammonium hydrox- 
ide requires three molecules of the latter: Fet** + 3 NH,OH 
—> Fe(OH); + 3 NH‘. Three molecules of ammonium hydroxide 
are equivalent to three molecules of NH3: NH,OH @ NH; + 
H.O. Hence three molecules of NH; are equivalent to one mole- 
cule of ferrous ammonium sulfate in the above reaction. 


3 NH; 
FeSO, - (NH,) 204 - 6 H.O 
Since each ml. of the NH.OH solution contains 1 X 0.950 X 


0.1272 gram of NHs, the volume of ammonium hydroxide solu- 
tion required for precipitation is 


0.800 X = 0.1043 gram NH3. 


0.1043 


——___—— = 0.862 ml. Ans. 
I X 0.950 X 0.1272 


PROBLEMS 


170. How many milliliters of hydrochloric acid (sp. gr. 1.13 containing 
25.75% HCl. by weight) are required to exactly neutralize 25 ml. of am- 
monium hydroxide (sp. gr. 0.90 containing 28.33% NHs by weight)? 

Answer: 47.03 ml. 

171. How many milliliters of ammonium hydroxide solution (sp. gr. 0.96 
containing 9.91% NHs by weight) are required to precipitate the aluminum 
as aluminum hydroxide from a 2-gram sample of alum (KAI(SO,)2° 
12 H,0)? What will be the weight of the ignited precipitate? 

Answer: 2.26 ml.; 0.2154 gram. 

172. What volume of nitric acid (sp. gr. 1.05 containing 9.0% HNO; 
by weight) is required to oxidize the iron in 1.00 gram of FeSO, + 7 H.O in 
the presence of sulfuric acid? 6 FeSO, + 2 HNO; + 3 H2SO.4 = 3 Fe2(SO:)3 
+2NO0O+4H,0. Answer: 0.80 ml. 

173. If 0.7530 gram of ferric nitrate (Fe(NO3)3*9 H.O) is dissolved in 
water and 1.37 ml. of HCl (sp. gr. 1.11 containing 21.92% HCl by weight) 
are added, how many milliliters of ammonia (sp. gr. 0.96 containing 9.91% 


NHs by weight) are required to neutralize the acid and precipitate the iron 
as ferric hydroxide? Answer: 2.63 ml. 


174. To a suspension of 0.3100 gram of Al(OH); in water are added 
13.00 ml. of aqueous ammonia (sp. gr. 0.90 containing 28.4% NHs by 
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weight). How many milliliters of sulfuric acid (sp. gr. 1.18 containing 24.7% 


H2SO, by weight) must theoretically be added to the mixture in order to 


bring the aluminum into solution? Answer: 34.8 ml. 

175. How many milliliters of sulfurous acid (containing 75 grams SO, per 
liter) are required to reduce the iron in 1.00 gram of ferric alum (KFe(SOx)2° 
12 H,O)? Fe2(SOu)3 + SO2 + 2 H2O = 2 FeSO, + 2 H2SO,. 

Answer: 0.85 ml. 

176. How many milliliters of ammonium hydroxide (sp. gr. 0.946 con- 
taining 13.88% NH3; by weight) are required to precipitate the iron as 
Fe(OH); from a sample of pure FeSO, * (NH4)2SO. * 6 H2O, which requires 
0.34 ml. of nitric acid (sp. gr. 1.350 containing 55.79% HNOs by weight) for 
oxidation of the iron? (See Problem 172 for reaction.) 

Answer: 4.74 mal. 

177. In the analysis of an iron ore by solution, oxidation, and precipitation 
of the iron as Fe(OH)3, what weight of sample must be taken for analysis 
so that each one-hundredth of a gram of the ignited precipitate of Fe.Os 
shall represent one-tenth of one per cent of iron? Answer: 6.99 grams. 

178. What weight of magnetite must be taken for analysis in order that, 
after precipitating and igniting all the iron to Fe,Os3, the percentage of 
Fe;04 in the sample may be found by multiplying the weight in grams of 
the ignited precipitate by roo? Answer: 0.9665 gram. 

179. A 1-gram sample of limonite containing inactive impurities is dis- 
solved in acid, and the solution is divided into two equal portions. One 
portion is reduced and titrated with KMnO, (of which 1 ml. = 0.008193 
gram H,C,0,: 2 H,O). The other portion is just neutralized, and 4o ml. 
of 1.5 N ammonia are added to precipitate the iron. This is in excess of 
the necessary amount, and the number of ml. in excess is equal to the number 
of ml. of KMnO, required in the volumetric process. What is the per cent 
Fe in the sample? Answer: 46.13%. 


DETERMINATION OF SULFUR 


Procedure. — To the combined filtrates from the ferric hy- 
droxide add 6 N hydrochloric acid until the solution is slightly 
acid, and if necessary evaporate on the steam plate to a volume 
of about 500 ml. (Note 1.) To the nearly boiling, slightly acid 
solution, add very slowly and with constant stirring 20 ml. in 
excess of the. calculated amount of hot 0.2 N barium chloride 
solution (Notes 2 and 3). Continue heating on the steam plate 
until the precipitate has become crystalline and the supernatant 
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liquid is clear (Note 4). Filter the barium sulfate, washing with 
hot water, first by decantation, and subsequently upon the 
filter until it is freed from chlorides, testing the washing as 
described in the determination of iron. Transfer the filter and 
precipitate to a weighed platinum or porcelain crucible, dry and 
smoke off the paper in the regular way, and ignite over a Tirrill 
burner until the weight is constant (Note 5). From the weight 
of BaSO, calculate the percentage of sulfur in the sample. 


Notes. — 1. Barium sulfate is slightly soluble in even dilute hydro- 
chloric acid, probably because of the formation of Ba(HSOu,)2. Hence 
only a slight excess of free acid should be present. 

If nitric acid was used to oxidize the ferrous iron in the previous pro- 
cedure, it should be removed before precipitating the sulfate. Otherwise 
it co-precipitates with the barium sulfate very considerably. To effect 
the removal of nitrates, the filtrates from the ferric hydroxide precipi- 
tates are combined and about 0.6 gram of anhydrous sodium carbonate 
are added. After the carbonate has dissolved, the solution is acidified 
with hydrochloric acid and evaporated to dryness on the steam plate or 
water bath. The sodium carbonate unites with any free sulfuric acid and 
prevents possibility of loss of the latter by volatilization in case the 
solution is left on the steam plate for a long period of time after reach- 
ing dryness. The residue is taken up in hydrochloric acid and again 
evaporated to dryness, after which it is, dissolved in water and the 
slightly acidified solution treated with barium chloride as in the regular 
procedure. 


2. The precipitation of barium sulfate affords an excellent illustration 
of the effect of an excess of precipitant in decreasing the solubility of a 
precipitate. The solubility of barium sulfate in water at 100° C. is 
3-0 milligrams per liter, or 1.5 milligrams in soo ml. (which is the volume 
specified in the procedure). Such an error due to solubility would be 
appreciable. Now the solubility product (see page 35) of barium sul- 
fate is expressed as follows: [Ba++] [SOs] = K, and in such mass-action 
formulations concentrations are always expressed in terms of gram- 


moles per liter. The molar solubility at roo° C. of BaSO, is 22039 = 
2 


1.3 X 10-*. The solubility product at roo° C. is therefore (2/3-><t0-%) 
(1.3 X 107) = 1.7 X 107, Now if, as in the procedure given, barium 
sulfate is precipitated from soo ml. of solution containing an excess of 
20 ml. of o.2 N BaCl.(= 0.1 molar BaCl,) the resulting solution is 
approximately 0.004 molar in Ba++ ions. Hence (0.004) [SOs] = 1.7 X 
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10~ and [SO, ] = 4.2 X 10-8 moles per liter = 2.1 X 10-* moles per 
sco ml. This corresponds to a solubility of barium sulfate of 2.1 X _ 
1o-* X 233 = 4.9 X 10° * grams per 500 ml. = 0.0049 milligrams per 
500 ml., an entirely inappreciable amount. 

3. Barium sulfate, in a larger measure than most compounds, tends to 
carry down other substances which are present in the solution from 
which it separates, even when these other substances are relatively 
soluble, and including the barium chloride used as the precipitant. 
Anions which are especially badly co-precipitated with barium sulfate 
are nitrates and chlorates, and it is essential that they be absent. They 
are probably brought down with the barium sulfate in some such form 


NO; 
Bat 


as yo and, in the determination of sulfur, results are obtained 
Ba 
\NOs 
which are too high. 

Arnong the cations which are seriously co-precipitated with barium 
sulfate, ferric ions are outstanding, and because of the commercial 
importance of the analysis of pyrite this problem has received con- 
siderable attention. Ferric ions are brought down (mostly by adsorp- 
tion) in the form of ferric basic sulfate, FeOHSOs,, and since the molec- 
ular weight of this compound is less than that of barium sulfate, results 
obtained in the determination of sulfur are too low. Three general 
methods are available for eliminating or reducing this error. First, the 
iron can be removed previously by double precipitation as ferric hy- 
droxide. This is by far the best method. Second, the ferric ions can be 
reduced and the barium sulfate precipitated in the presence of ferrous 
ions. In this case the error is reduced but not eliminated. Third, a sub- 
stance like tartaric acid or citric acid can be added which forms com- 
plex ions with the ferric iron. Here again, the error is only reduced, for 
co-precipitation effects are still appreciable. Accurate gravimetric 
methods for sulfur always call for previous removal of all iron. 

4. The precipitation of the barium sulfate is probably complete at the 
end of a half-hour, and the solution can probably safely be filtered at 
the end of that time if it is desired to hasten the analysis. Many precip- 
itates of the general character of barium sulfate, however, tend to grow 
more coarsely granular if digested for some time with the liquid from 
which they have separated. It is therefore well to allow the precipitate 
to stand in a warm place for several hours, if practicable, to promote 
ease of filtration. The filtrate and washings should always be examined 
for minute quantities of the sulfate which may pass through the pores 
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of the filter. This is best accomplished by imparting to the filtrate a 
gently rotary motion, and if barium sulfate is present, it will collect at 
the center of the bottom of the beaker or flask. 

5. A reduction of barium sulfate to the sulfide may very readily be 
caused by the reducing action of the burning carbon of the filter, and 
much care should be taken to prevent any considerable reduction from 
this cause. Subsequent ignition, with ready access of air, reconverts 
the sulfide to sulfate unless too great reduction has occurred. In the 
latter case it is expedient to add one or two drops of sulfuric acid and to 
heat cautiously until the excess of acid is expelled. 

6. Barium sulfate is not decomposed at the temperature of the Tirrill 
or Bunsen burner, but suffers loss, probably of sulfur trioxide, at 
temperatures above goo° C. 


CHAPTER XX 
ANALYSES OF ORES 
DETERMINATION OF SULFUR IN PYRITE 


The importance of pyrite in the manufacture of sulfuric acid 
makes the determination of sulfur in pyrite of great commercial 
importance. Many methods have been proposed for making 
this determination but only a few of these methods have with- 
stood the test of time and experience. The methods in common 
use may be divided into two classes: (1) wet methods, in which 
the sulfur is oxidized by aqua regia (Lunge method) or by bro- 
mine (Allen and Bishop method); and (2) fusion methods, using 
such oxidizing fluxes as a sodium carbonate-potassium nitrate 
mixture (Fresenius method), or sodium peroxide. A wet process 
determines only that portion of the total sulfur which is avail- 
able for the manufacture of sulfuric acid; a fusion method deter- 
mines the total sulfur present in the pyrite. Both processes are 
here represented. 


Method A — Lunge Method 


Weigh out accurately into a 200 ml. casserole about 0.5 gram 
of the pyrite which has been ground to extreme fineness (Note 1). 
Tap the casserole so that the sample is spread out over the bottom 
and pour over it 20 ml. of aqua regia which has been freshly 
made by mixing three volumes of concentrated nitric acid (sp. gr. 
1.42) and one volume of concentrated hydrochloric acid (sp. gr. 
1.20). Cover immediately with a watch-glass, and if the oxidiz- 
ing action is vigorous allow to stand in the cold until such action 
slackens. Warm gently on the water bath but do not allow the 
oxidation to proceed too vigorously. If free sulfur separates it 


can be oxidized and brought into solution by adding a little 
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powdered potassium chlorate, but it is best to start again with a 
new sample using this time three volumes of hydrochloric acid to 
one of nitric acid and allowing the acid to act more slowly upon 
the sample (Note 2). oO 

When disintegration is complete, wash off the watch-glass and 
evaporate on the steam bath to dryness. Moisten the residue 
with 5 ml. of concentrated hydrochloric acid and again evaporate 
to dryness (Note 3). Moisten the residue with 1 ml. of concen- 
trated hydrochloric acid and add too ml. of hot water. Filter 
and wash with a hot 1 per cent solution of hydrochloric acid and 
then thoroughly with hot water. 

Pour the filtrate into a slight excess of ammonium hydroxide 
and allow the precipitate of Fe(OH); to settle as much as possible 
from the hot solution. Decant the solution through a filter 
paper and wash the precipitate by decantation, finally trans- 
ferring it to the paper and washing thoroughly with hot water. 

Make the filtrate barely acid with hydrochloric acid and to 
the hot filtrate add very slowly with constant stirring a mod- 
erate excess of barium chloride solution. Allow to stand in a 
warm place for half an hour, filter, and wash with hot water until 
free from chlorides. Dry, and ignite as in the determination of 
sulfur in ferrous ammonium sulfate. Read again the notes per- 
taining to that analysis. 


Method B — Sodium Peroxide Method 


Thoroughly mix a o.5-gram sample of the pyrite with 5 grams 
of sodium peroxide and 4 grams of anhydrous sodium carbonate 
in an iron or nickel crucible. Cut a circular opening in an asbestos 
board so that the crucible will fit snugly in the opening with 
the greater part of the crucible projecting below the asbestos 
(Note 4). Heat the mixture, gently at first, and finally nearly 
to the full heat of a Tirrill burner for twenty-five minutes. Allow 
the crucible to cool and place it in a 2 50 ml. beaker. Add 150 ml. 
of water and warm until the mass has completely disintegrated. 
Remove the crucible, washing it inside and outside with hot 
_water and add to the solution 5 ml. of concentrated hydrochloric 


ANALYSES OF ORES 221 


acid which has been saturated with liquid bromine (Note 5). 
Filter the still alkaline solution and wash the ferric hydroxide 
with hot water until free from sulfate. Acidify the filtrate with 
hydrochloric acid, evaporate to dryness to dehydrate any silicic 
acid, moisten the residue with 2 ml. of concentrated hydrochloric 
acid, add 100 ml. of hot water, filter, and wash the silica with 
hot water. 

From the filtrate precipitate the sulfate and proceed as in 
Method A. 


Notes. —1. The grinding of a mineral should be carried out in an 
agate mortar with an agate pestle until all of the material will pass 
through a silk bolting cloth. Pyrite should not be ground too rapidly 
or with too great a pressure, otherwise appreciable amounts of sulfur 
are lost by volatilization due to oxidation to sulfur dioxide. 

2. The use of potassium chlorate to oxidize any liberated sulfur 
has the objection that chlorate, like nitrate, contaminates the subse- 
quent precipitate of barium sulfate, giving high results. 

3. Repeated evaporation with hydrochloric acid accomplishes the 
destruction of nitrate and the dehydration of silicic acid to silica, which 
can be filtered off. 

4. The gas flame should not be allowed to come near the top of the 
crucible, otherwise sulfur from the gas is absorbed into the melt. The 
use of an asbestos board helps to deflect the flame. A high temperature 
alcohol burner is sometimes used as a source of heat since it provides a 
flame which is free from sulfur compounds. 

5. The strong alkaline solution is partially neutralized with acid 
in order that it may be filtered without disintegrating the filter paper. 
Bromine assures the complete oxidation of sulfur to sulfate. 


STOICHIOMETRY 


Calculations involved in the gravimetric determination of 
sulfur require no special consideration. The student should 
recall the volumetric method (“evolution method’’) for deter- 
mining sulfur when present as sulfide in small quantities, such 
as in steel (see page 147). By this method, the sulfur is evolved 
by acid as hydrogen sulfide, and is eventually titrated with 
standard iodine solution (H.S + I, ~ 2 HI + S). 
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PROBLEMS 


180. What weight in grams of impure ferrous ammonium sulfate should 
be taken for analysis so that the number of centigrams of BaSQ, obtained 
will represent five times the percentage of sulfur in the sample? 

Answer: 0.6870 gram. 


18x. A sample of pure FeS, is analyzed by fusing a 2-gram sample and 
precipitating the sulfur as BaSO,. How large an error in the weight of the 
precipitate must be made to produce an error amounting to o.1 per cent of 
the apparent amount of S in the mineral? Answer: 14.6 mg. 


182. What weight of pyrite containing 36.40 per cent of sulfur must have 
been taken for analysis to give a precipitate of barium sulfate weighing 
1.0206 grams? Answer: 0.3850 gram. 


183. What weight of pure sodium peroxide is theoretically required to 
oxidize 0.500 gram of pure FeS, according to the equation: 


2 FeS, + 15 Na2O2 —> Fe,O3 + 4 NasSOu + 11 Na,O? 
What volume of : barium chloride solution would be required to precipitate 


the resulting sulfate? Answer: 2.44 grams; 83.4 ml. 
184. A sample of pyrite ore weighs 0.2000 gram and gives 0.6230 gram 
of BaSO.. How many milliliters of oxygen gas (standard conditions) would 
be required to burn 1.000 gram of the ore according to the equation: 4 FeS, + 
tr O2 — 2 Fe.03 + 8 SO2? Answer: 412 ml. 


185. Pure FeSO.+ (NH4)2SO4* 6 HO is mixed with inert matter and 
a sample of the mixture requires a number of milliliters of barium chloride 
solution (25 grams BaCl, + 2 HO per liter) to precipitate the sulfur which 
is exactly twice the percentage of iron in the sample. What weight of sample 
was taken? Answer: 0.574 gram. 

186. A sample of pure FeSO4+ (NH,)2SO.°6 HO gives a precipitate 
of BaSO, weighing 0.2334 gram. What volume of permanganate (1 ml. 
<= 0.006300 gram H»C,04+ 2 H20) would be required to oxidize the iron 
in the same weight of sample? Answer: 5.00 ml. 


187. In a sample of steel weighing 5.00 grams a gravimetric determina- 
tion of sulfur yields 23.3 milligrams of BaSO,. If the same weight of sample 
were analyzed by the evolution method whereby the sulfur is evolved as 
H2S and eventually titrated with standard iodine, what volume of the 
titrating solution would be required? The iodine has the same normality 
as a permanganate solution of which 20 ml. < 20 ml. of a solution of KHC,0,4 
* H2C,04+ 2 H20 of which 20 ml. = 20 ml. of 0.030 N NaOH solution. 
What is the percentage of sulfur in the steel? 

Answer: 5.00 ml.; 0.064%. 
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188. In the determination of sulfur by the evolution method, a note- 
book contains the following data: 


Wt. sample = 5.0275 grams. 
Iodine used = 15.59 ml. 
Na2S203 used = 12.68 ml, 
t ml. iodine = 1.086 ml. Na2S.03. 
t ml. NaeS203 =< 0.005044 gram Cu. 


Find the percentage of sulfur and the weight of BaSO, obtainable from a 
3-gram sample of the steel. Answer: 0.107%}; 0.0234 gram. 


189. Using a 5-gram sample of steel, treatment with HCl evolves H2S 
which is absorbed in an ammoniacal solution of CdCl. The precipitated 
CdS is dissolved in acid and the HS formed is immediately titrated with 


N 
ae iodine solution, requiring 3.00 ml. Calculate the percentage of sulfur 


and the weight of BaSO, which could be obtained from the same weight of 
sample. Answer: 0.096%; 0.0350 gram. 


DETERMINATION OF PHOSPHORIC ANHYDRIDE IN 
APATITE 


The mineral apatite is composed of calcium phosphate, asso- 
ciated with calcium chloride, or fluoride. Specimens are easily 
. obtainable which are nearly pure and leave on treatment with 
acid only a slight siliceous residue. 

For the purpose of a gravimetric determination, phosphoric 
acid is usually precipitated from ammoniacal solutions in the 
form of magnesium ammonium phosphate which, on ignition, 
is converted into magnesium pyrophosphate. Since the calcium 
phosphate of the apatite is also insoluble in ammoniacal solutions, 
this procedure cannot be applied directly. The separation of the 
phosphoric acid from the calcium must first be accomplished by 
precipitation in the form of ammonium phosphomolybdate in 
nitric acid solution, using ammonium molybdate as the pre- 
cipitant. The “yellow precipitate,” as it is often called, is not 
always of a definite composition, and therefore not suitable for 
direct weighing, but may be dissolved in ammonia, and the 
phosphate thrown out as magnesium ammonium phosphate. 

Of the substances likely to occur in apatite, silicic acid alone 
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interferes with the precipitation of the phosphoric acid in nitric 
acid solution. 


PRECIPITATION OF AMMONIUM PHOSPHOMOLYBDATE 


Procedure. — Gxiect the mineral in an agate mortar until no 
grit is perceptible. Transfer the substance to a preighing-tube, 
and weigh out two portions, not exceeding’ 26 gram each 
(Note 1) into two beakers of about 200 ml. capacity. Pour 
over them ml Of dilute ‘hitric acid (sp. gr. 1.20) and warm 
gently until solvent action has apparently ceased. Evaporate 
the solution cautiously to dryness, heat the residue in a hot 
closet for about an hour at 100-110° C., and treat it again with 
nitric acid as described above; separate the residue of silica by 
filtration on a small filter (7 cm.) and wash with warm water, 
using as little s possible (Note 2). Receive the filtrate in a 

“(0075gom). Test the washings with ammonia for 
calcium phosphate, but add all such tests in which a precipitate 
appears to the original filtrate (Note 3). The filtrate and wash- 
ings must be kept as small as possible and should not exceed 
too ml. in volume. Add aqueous ammonia (sp. gr. 0.96) until 
the precipitate of calcium phosphate first produced just fails to 
redissolve, and then add a few drops of nitric acid until this is 
again brought into solution (Note 4). Warm the solution until 
it cannot be comfortably held in the. hand (about 60° C.) and, 
after removal of the burner, add 1; of ammonium molybdate 
solution which has been gently warmed, but which must be per- 
fectly clear. Allow the mixture to stand (preferably at a tem- 


perature of about 5 or eek ee hours (Notes 5 and 6). * 


Filter-off-the- w- piecipt ate} ag cm. filter, and wash by 
decantation with a solution of ammonium nitrate made acid 
with nitric acid (Note 7). Allow the precipitate to remain in the 
beaker as far as possible. Test the washings for calcium with 
ammonia and ammonium oxalate (Note 3). 
Add 10 ml. of molybdate solution to the filtrate, and leave it 
for a few hours. It should then be carefully examined for a 
yellow precipitate; a white precipitate may be neglected. 
[fa Ni = 


4+ 28N H, +H. g 


i % ‘ 4 
N v 


oni 
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Notes. — 1. Magnesium ammonium phosphate, as noted below, is 
slightly soluble under the conditions of analysis. Consequently the — 
unavoidable errors of analysis are greater in this determination than in 
those which have preceded it, and some divergence may be expected 
in duplicate analyses. It is obvious that the larger the amount of 
substance taken for analysis the less will be the relative loss or gain due 
to unavoidable experimental errors; but, in this instance, a check is 
placed upon the amount of material which may be taken both by the 
bulk of the resulting precipitate of ammonium phosphomolybdate and 
by the excessive amount of ammonium molybdate required to effect 
complete separation of the phosphoric acid, since a liberal excess above 
the theoretical quantity is demanded. Mbolybdic acid is one of the 
more expensive reagents. 

2. Soluble silicic acid would, if present, partially separate with the 
phosphomolybdate, although not in combination with molybdenum. 
Its previous removal by dehydration is therefore necessary. 

3. When washing the siliceous residue the filtrate may be tested for 
calcium by adding ammonia, since that reagent neutralizes the acid 
which holds the calcium phosphate in solution and causes precipitation; 
but after the removal of the phosphoric acid in combination with the 
molybdenum, the addition of an oxalate is required to show the presence 
of calcium. 

4. An excess of nitric acid exerts a slight solvent action, while am- 
monium nitrate lessens the solubility; hence the neutralization of the 
former by ammonia. 

5. The precipitation of the phosphomolybdate takes place more 
promptly in warm than in cold solutions, but the temperature should 
not exceed 60° C. during precipitation; a higher temperature tends to 
separate molybdic acid from the solution. This acid is nearly white, and 
its deposition in the filtrate on long standing should not be mistaken 
for a second precipitation of the yellow precipitate. The addition of 
75 ml. of ammonium molybdate solution insures the presence of a liberal 
excess of the reagent, but the filtrate should be tested as in all quanti- 
tative procedures. 

The precipitation is probably complete in many cases in less than 
twelve hours; but it is better, when practicable, to allow the solution 
to stand for this length of time. Vigorous shaking or stirring promotes 
the separation of the precipitate. 

6. The composition of the ‘‘yellow precipitate” undoubtedly varies 
slightly with varying conditions at the time of its formation. When 
precipitated under the conditions prescribed in the above procedure 
its composition probably closely approximates that represented by 


226 GRAVIMETRIC ANALYSIS 


the formula (NH4)3PO4* 12 MoOs, and the equation for its precipitation 
may be written: 


H3P0O,4 + 12(NH4)2MoO, + 21 HNO; 
=o (NH4)3PO4 aU) MoO; + 21 NH.NO; + I2 HO. 


Whatever other variations may occur in its composition, the ratio 
12 MoO3:1 P seems to hold fairly constant and this fact is utilized 
in certain volumetric processes for the determination of small amounts 
of phosphorous (see page 230). 

7. A suitable wash solution can be prepared as follows: Mix 100 ml. 
of ammonia solution (sp. gr. 0.96) with 325 ml. of nitric acid (sp. gr. 
1.20) and dilute with 100 ml. ofwater. (See also page 284.) 

Ge’ 


PRECIPITATION OF MAGNESIUM AMMONIUM PHOSPHATE 


Procedure. — Dissolve the precipitate of phosphomolybdate 
upon the filter by pouring through it dilute aqueous ammonia 
(one volume of dilute ammonia (sp. gr. 0.96) and three volumes 
of water, which should be carefully measured), and receive the 
solution in the beaker containing the bulk of the precipitate. 
The total volume of filtrate and washings should not exceed 
too ml. Acidify the solution with dilute hydrochloric acid, + 
and heat it nearly to boiling. Calculate the volume of mag- 
nesium ammonium chloride solution (“‘magnesia mixture’’) re- 
quired to precipitate the phosphoric acid, assuming 4o per cent 
P.O; in the apatite. Measure out about 5 ml. in excess of this 
amount, and pour it into the acid solution. Then add slowly 
dilute ammonium hydroxide (1 volume of strong ammonia (sp. 
gr. 0.90) and 9 volumes of water), stirring constantly until a 
precipitate forms. Then add a volume of filtered, concentrated 
ammonium hydroxide (sp. gr. 0.90) equal to approximately 
one-ninth of the volume of liquid in the beaker (Note 1). Allow 
the whole to cool and stand at least two hours. The precipitated 
magnesium ammonium phosphate should then be definitely 
crystalline in appearance (Note 2). (If it is desired to hasten 
the precipitation, the solution may be cooled, first in cold tap 
water and then in ice-water, and stirred periodically for half an 
hour, when precipitation will usually be complete.) 
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Decant the clear liquid through a filter, and transfer the pre- 
cipitate to the filter, using as wash-water a mixture of 1 volume 
of concentrated ammonia and g volumes of water. It is not 
necessary to clean the beaker completely or to wash the pre- 
cipitate thoroughly at this point, as it is necessary to purify it 
by reprecipitation. 


Notes. — 1. Magnesium ammonium phosphate is not a wholly in- 
soluble substance, even under the most favorable analytical conditions. 
It is least soluble in a liquid containing one-tenth of its volume of con- 
centrated aqueous ammonia (sp. gr. 0.90) and this proportion should 
be carefully maintained as prescribed in the procedure. On account 
of this slight solubility the volume of solutions should be kept as small 
as possible and the amount of wash-water limited to that absolutely 
required. 

A large excess of the magnesium solution tends both to throw out 
magnesium hydroxide (shown by a persistently flocculent precipitate) 
and to cause the phosphate to carry down molybdic acid. The tend- 
ency of the magnesium precipitate to carry down molybdic acid is 
also increased if the solution is too concentrated. The volume should 
not be less than go ml., nor more than 125 ml., at the time of the first 
precipitation with the magnesia mixture. 

Magnesium hydroxide is a relatively insoluble substance. Its solubil- 
ity product (see page 35) at 25° C. is 3.4 X 107". That is, in a solution 
saturated at 25° C. with magnesium hydroxide the molar concentration 
of magnesium ions multiplied by the square of the molar concentration 
of the hydroxyl ions is equal to that constant: [Mg**] [OH |? = 3.4 
X 10-4, In order to prevent magnesium hydroxide from precipitating 
it is therefore necessary that this value be not exceeded. For this reason 
too large an excess of magnesium ions is to be avoided, but the most 
important factor which prevents the hydroxide from precipitating is 
the presence of a large quantity of ammonium salts both in the solution 
(formed by the neutralization of ammonia with acid) and in the mag- 
nesium chloride reagent itself. The ionization constant of ammonium 


+ z 
hydroxide at 25° C. is: Son = 1.75 X 10-% A high concentra- 
tion of ammonium ions would therefore result in a decrease in the 
hydroxyl-ion concentration, and under the above conditions of analysis 
the concentration of hydroxyl ions is decreased to such an extent that 
the solubility product of magnesium hydroxide is not exceeded if only a 
slight excess of magnesium ions is present. 
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Thus in the above analysis, the approximate concentration of ammo- 
nium hydroxide (and hence of the undissociated ammonium hydroxide) 
is 1.5 molar. Assuming that the total concentration of ammonium ions 


.5) [OH- 
is o.5 molar, we have: ae = 1.75 X 10-° whence [OH] = 5.25 


X 10-5, The amount of magnesium which could remain in such a 
solution unprecipitated as Mg(OH)2 would be: [Mg*+](5.25 X 1075)? = 
3-4 X 1074; [Mgt*] = 1.23 X 10°? moles per liter = 0.30 gram per 
liter. 

2. The magnesium ammonium phosphate should be perfectly crys- 
talline, and will be so if the directions are followed. The slow addition 
of the reagent is essential, and the stirring not less so. Stirring pro- 
motes the separation of the precipitate and the formation of larger 
crystals, and may therefore be substituted for digestion in the cold. 
The stirring-rod must not be allowed to scratch the glass, as the crystals 
adhere to such scratches and are removed with difficulty. 


REPRECIPITATION AND IGNITION OF MAGNESIUM 
AMMONIUM PHOSPHATE 


A single precipitation of the magnesium compound in the 
presence of molybdenum salts rarely yields a pure product. 
The molybdenum can be removed by solution of the precipitate 
in acid and precipitation of the molybdenum by hydrogen 
sulfide, after which the magnesium precipitate may be again 
thrown down. It is usually as satisfactory to dissolve the mag- 
nesium precipitate and reprecipitate the phosphate as mag- 
nesium ammonium phosphate as described below. 

Procedure. — Dissolve the precipitate from the filter in a 
little dilute hydrochloric acid (sp. gr. 1.12), allowing the acid 
solution to run into the beaker in which the original precipita- 
tion was made (Note 1). Wash the filter with water until the 
wash-water shows no test for chlorides, but avoid an unnecessary 
amount of wash-water. Add to the solution 2 ml. (not more) 
of magnesia mixture, and then dilute ammonium hydroxide 
solution (sp. gr. 0.96), drop by drop, with constant stirring, until 
the liquid smells distinctly of ammonia. Stir for a few moments 
and then add a volume of strong ammonia (sp. gr. 0.90), equal 
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to one-ninth of the volume of the solution. Allow the solution 
to stand for some hours, and then filter off the magnesium | 
ammonium phosphate, which should be distinctly crystalline 
in character. Wash the precipitate with dilute ammonia water 
as prescribed above, until finally 3 ml. of the washings, after 
acidifying with nitric acid, show no evidence of chlorides. Test 
both filtrates for complete precipitation by adding a few mil- 
liliters of magnesia mixture and allowing them to stand for some 
time. droard olrard -peAnr f 
Transfer the mest” precipitate to a weighed | or¢elain crucible 
and ignite, using great care to raise the temperature slowly 
while drying the filter in the crucible, and to insure the ready 
access of oxygen during the combustion of the filter paper, thus 
guarding against a possible reduction of the phosphate, which 
would result in disastrous consequences to the analysis (Note 2). 
Do not raise the temperature above moderate redness until the 
precipitate is white. (Keep this precaution well in mind.) Ignite 
finally at the highest temperature of the Tirrill burner, and 
repeat the heating until the weight is constant. If the ignited 
precipitate is persistently discolored by particles of unburned 
carbon, moisten the mass with a drop or two of concentrated 
nitric acid and heat cautiously, finally igniting strongly. The 
acid will dissolve magnesium pyrophosphate from the surface 
of the particles of carbon, which will then burn away. Nitric 
acid also aids as an oxidizing agent in supplying oxygen for the 
combustion of the carbon. 

From the weight of magnesium pyrophosphate (Mg2P207) 
obtained, calculate the percentage of phosphoric anhydride 
(P.0;) in the sample of apatite. 


Notes. —1. The ionic changes involved in the precipitation of the 
magnesium compound are 


PO mime NH¢s = Mg** = MgNH.zPOs.. 
The magnesium ammonium phosphate is readily dissolved by acids, 


even those which are no stronger than acetic acid. This is accounted for 
by the fact that two of the ions into which phosphoric acid may dis- 
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sociate, the HPO,-~ or H2PO« ions, exhibit the characteristics of very 
weak acids, in that they show almost no tendency to dissociate further 
into H* and POs ~~ ions. Consequently the ionic changes which 
occur when the magnesium ammonium phosphate is brought into con- 
tact with an acid may be typified by the reaction: 


Ht + Mgt* + NH, + PO?-- > Mg++ + NH, + HPO;-; 


that is, the POs-—~ ions and the H+ ions lose their identity in the for- 
mation of the new ion, HPO,--, and this continues until the magnesium 
ammonium phosphate is entirely dissolved. 

2. During ignition the magnesium ammonium phosphate loses 
ammonia and water and is converted into magnesium pyrophos- 
phate: 


2 MgNH.PO. — Mg>P.0, + 2 NH; + H.O. 


The precautions mentioned in the procedure must be observed with 
great care during the ignition of this precipitate. The danger here 
lies in a possible reduction of the phosphate by the carbon of the filter 
paper, or by the ammonia evolved. 


STOICHIOMETRY 


The formula of the yellow precipitate of ammonium phos- 
phomolybdate ((NH4)sPO.- 12 MoOs) ig of somewhat variable 
composition, but with small amounts of phosphate (such as 
would occur in the analysis of iron or steel) fairly good results 
can be obtained by filtering the yellow precipitate, drying at 
t10° C., and weighing as (NH«)3PO,: 12 Mo0O3; or by igniting 
it gently to P.O;- 24 MoQs. 

A more common method (Ferric Alum M. ethod) makes use of 
the fact that the molybdenum in the precipitate can be reduced 
to the trivalent state and can then be titrated back to the valence 
of 6. The reduction is usually accomplished by means of a Jones 
reductor and the reduced solution passed directly into a solution 
of ferric alum. The reduced iron from the alum is then titrated 
with standard permanganate. In this method, in calculating 


the percentage of phosphorus, the milliequivalent is since 





36000 
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each molybdenum atom changes by 3 units of valence and each 
phosphorus atom is equivalent to 12 molybdenum atoms. 

In the Blair Method the reduced molybdenum solution is 
allowed to drop from the Jones reductor into an empty flask 
and is then titrated directly with permanganate. In this case, 
there is a slight oxidation of the reduced molybdenum by the air 
before the titration is made and it has been found by experiment 
that the partially oxidized form corresponds in valence to the 
hypothetical oxide Mo2.Oz7. That is, the permanganate oxidizes 
the molybdenum from an average valence of 74 to a valence of 6. 
This corresponds to a change in valence of $3. The net change 
in valence for 12 molybdenum atoms is 35 and since 12 molyb- 
denum atoms are equivalent to one phosphorus atom, in cal- 
culating the percentage of phosphorus in the sample the milli- 





e e IP 
equivalent is 
35° 


Still another volumetric method (Handy Method) for small 
percentages of phosphorus makes use of the acid character 
of the yellow precipitate. It is titrated with standard sodium 
hydroxide solution according to the following equation: 
2(NH4)3PO4 eZ MoO; -- 46 NaOH — 2(NH4)2HPO. 

+ (NH,)2MoO, + 23 NazMoO, + 22 H20. 


The milliequivalent weight of phosphorus by this process is 





obviously 
23000 


Example I.— Tf a 2-gram sample of steel is analyzed for 


N 
phosphorus by the ferric alum method and 7.20 ml. of - KMn0O, 


are required, what net volume of a NaOH would have been re- 
20 


quired by the Handy method and what weight of dried “yellow 
precipitate” and of ignited magnesium precipitate could have 
been obtained from the same weight of sample? What is the 
percentage of phosphorus in the steel? 
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I = Pais 62 gram of P 
Solution. — 7.20 X os Tiboeee 0.00062 g 
Lee 
xX aa x 2506 0.00062 
x=9.20ml. Ans. 
0.00062 X SURE = 0.038 gram. Ans. 
0.00062 X a = 0.0022 gram. Ans. 
0.00062 





X 100 = 0.031%. Ans. 


Example II. — If the molybdenum in a normal precipitate of 
ammonium phosphomolybdate obtained from a 2-gram sample 
of steel containing 0.050% P is reduced to such a valence that 


9.30 ml. of NN KMnQ, are required to reoxidize the molybdenum 
10 


to the valence of 6, to what oxide was the molybdenum apparently 
reduced? 


Solution. — Let x = valence of Mo in the reduced form. 
Then 6 — x = change in valence of Mo in the 
titration. 
9.30 X = x es 
IO = — X)1000 ar nee ee 


x = 3.6 = valence of Mo 
Oxide = Mo;Og. Ans. 


PROBLEMS 


190. Given 0.350 gram of pure apatite with the formula Cas(POx)e° 
CaFCl. What weight of (NH.)3PO,: 12 MoO; could be obtained from this 
weight of sample and what volume of magnesia mixture (1 N with respect to 
MgCl.) would subsequently be required to precipitate the phosphate from an 
ammoniacal solution of the yellow precipitate? 

Answer: 3.24 grams; 3.46 ml. 
1gt. If the yellow precipitate from a 2. 5-gram sample of steel is dissolved 


; N : N 
in 20.0 ml. of 2 KOH solution and 27.0 ml. of is HNO; solution are required 
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to make the solution neutral to phenolphthalein (Handy method), what is 
the percentage of phosphorus in the steel? Answer: 0.054%. 


192. Calculate the milliequivalent of P.Os, Mo2407, and of MoO; in 
the Blair method for phosphorus. Answer: 0.00203; 0.0414; 0.0404. 

193. What is the percentage of P ina steel if by the ferric alum method 
14.0 ml. of rz N KMnO, are required for a 4.0-gram sample? 


Answer: 0.025%. 


194. A sample of apatite weighing 0.60 gram is analyzed for its phos- 
phoric anhydride content. If the phosphate is precipitated as (NH4)3PO, + 
12 MoOs, and the precipitate (after solution and reduction of the MoO; 
to Moz4Oz7), requires 100 ml. of normal KMn0O, to oxidize it back to MoOs, 
what is the percentage of P.O;? Answer: 33.81%. 


195. In the analysis of a sample of steel weighing 1.881 grams the phos- 
phorus was precipitated with ammonium molybdate and the yellow pre- 
cipitate was dissolved, reduced, and titrated with KMnO,. If the sample 
contained 0.025 per cent P and 6.01 ml. of KMnQy, were used, to what 
oxide was the molybdenum reduced? 1 ml, KMnQ, = 0.007188 gram 
Na2C20.. Answer: Mo,Os. 


196. 2.00 grams of steel furnish a yellow precipitate which when dis- 
solved in 20.0 ml. of NaOH provides a solution which requires 27.0 ml. of 
HNO; for neutralization (Handy method). 2.00 ml. of the NaOH = 3.00 ml. 
of the HNO3. 1.00 ml. of the NaOH = 1.00 ml. of KHC.0,+ H2C.0,- 2 H,O 
solution = 1.00 ml. KMnO, solution = 0.0558 gram Fe. Calculate the 
~ percentage of P in the steel. Answer: 0.101%. 


197. If a steel weighing 5 grams contains 0.0969% P and the normal 
N 
yellow precipitate is reduced to a form which requires 50.0 ml. of re KMn0O, 


for reoxidation, to what oxide can the molybdenum be assumed to have been 
reduced? Answer: Mo30s. 


198. What weight of dried yellow precipitate and what weight of ignited 
yellow precipitate can be obtained from 0.388 gram of pure Cas3(POu.)2° 
CaF.? Answer: 3.75 grams; 3.60 grams. 


199. What weight of steel should be taken for analysis such that the ml. 
N : fad : 

of — caustic soda required to titrate a normal precipitate of ammonium 
9 


phosphomolybdate will be 400 times as large as the per cent P in the steel? 
Answer: 6.0 grams. 


200. A mineral contains 60.0% of Ca3(PO.)2* CaCIF and 40.0% inert 
material. Compute (a) the weight of magnesium pyrophosphate obtainable 
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N 
from 0.200 gram of the mineral; (b) the volume of zh NaOH solution neces- 
sary to dissolve the yellow precipitate from this weight of mineral and leave 
N 
the solution neutral to phenolphthalein; (c) the volume of eS KMn0O,j re- 


quired in the analysis of 0.0300 gram of the mineral assuming the yellow 
precipitate is reduced so that the average valence of the molybdenum is 3% in 
the reduced condition and is oxidized back to the valence of 6 by the per- 
manganate. Answer: 0.0660 gram; 95.5 ml.; 36.3 ml. 


201. In the analysis of a sample of steel weighing 1.000 gram the phos- 
phorus was precipitated with ammonium molybdate and the yellow precipi- 
tate was dissolved, reduced, and titrated with permanganate. If the sample 
contained 0.031 per cent P and 3.45 ml. of KMnOy, were used, to what oxide 
was the molybdenum reduced? One milliliter of KMnO, was equivalent to 
0.02779 gram of FeSO.° 7 H20. Answer: Mo16O25. 


202. A solution containing phosphoric acid was treated with ammonium 
molybdate and an abnormal yellow precipitate was obtained, which after 
drying may be assumed to have consisted of [(NH4)sPOu]x [MoOsly. This 
precipitate was dried, weighed, dissolved in ammonia water, and the solu- 
tion was made up to 500 ml. Of this, 50 ml. were taken, made acid with 
H.SO,, reduced with amalgamated Zn, and passed directly into an excess 
of ferric alum which served to oxidize the trivalent molybdenum back to 
the hexavalent condition. To oxidize the reduced iron required a number 


N 
of ml. of = KMnO, equal to 15.39 times the weight in grams of the original 


8 
yellow precipitate. What values et x and y may be taken in the formula 
of the yellow precipitate? Answer: 2 and 25. 


ANALYSIS OF LIMESTONE OR DOLOMITE 


Limestones vary widely in composition from a nearly pure 
marble through the dolomitic limestones, containing varying 
amounts of magnesium, to the impure varieties, which contain 
also ferrous and manganous carbonates and siliceous compounds 
in variable proportions. Many other minerals may be inclosed in 
limestones in small quantities, and an exact qualitative analysis 
will often show the presence of sulfides or sulfates, phosphates, 
titanium, the alkalies, and even the heavy metals. No attempt 

_is made in the following procedures to provide a complete 
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quantitative scheme which would take into account all of these 
constituents. Such a scheme for a complete analysis of a lime- 
stone may be found in Bulletin No. 700 of the United States 
Geological Survey and in Hillebrand and Lundell’s Applied 
Inorganic Analysis. It is assumed that, for these instructional 
determinations, a limestone is selected which contains only the 
more common constituents first enumerated above. 


DETERMINATION OF MOISTURE 


The determination of the amount of moisture in minerals or 
ores is often of great importance. Ores which have been exposed 
to the weather during shipment may have absorbed enough 
moisture to affect appreciably the results of analysis. Since it 
is essential that the seller and buyer should make their analyses 
upon comparable material, it is customary for each analyst to 
determine the moisture in the sample examined, and then to cal- 
culate the percentages of the various constituents with reference 
to a sample dried in the air, or at a temperature a little above 
100° C., which, unless the ore has undergone chemical change 
because of the moisture, should be the same before and after 
- shipment. 

Procedure. — Spread 25 grams of the powdered sample on a 
weighed watch-glass; weigh to the nearest to milligrams only 
and heat at 105° C.; weigh at intervals of an hour, after cooling 
in a desiccator, until the loss of weight after an hour’s heating does 
not exceed 10 milligrams. It should be noted that a variation in 
weight of 10 milligrams in a total weight of 25 grams is no greater 
relatively than a variation of o.1 milligram when the sample 
taken weighs 0.25 gram. 


DETERMINATION OF THE INSOLUBLE MATTER AND SILICA 


Procedure. — Weigh out two portions of the original powdered 
sample (not the dried sample), of about 5 grams each, into 250 ml. 
casseroles, and cover each with a watch-glass (Note Tin ebour 
over the powder 25 ml. of water, and then add 50 ml. of dilute 
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hydrochloric acid (sp. gr. 1.12) in small portions, warming gently, 
until nothing further appears to dissolve (Note 2). Evaporate 
to dryness on the water bath. Pour over the residue a mixture 
of 5 ml. of water and 5 ml. of concentrated hydrochloric acid 
(sp. gr. 1.20) and again evaporate to dryness, and finally heat for 
at least an hour at a temperature of 110° C. Pour over this 
residue 50 ml. of dilute hydrochloric acid (1 volume of acid 
(sp. gr. 1.12) to 5 volumes water), and boil for about five 
minutes; then filter and wash twice with the dilute hydrochloric 
acid, and then with hot water until free from chlorides. Transfer 
the filter and contents to a porcelain crucible, dry carefully 
over a low flame, and ignite to constant weight. The residue 
represents the insoluble matter and the silica from any soluble 
silicates (Note 3). 
Calculate the total percentage of these in the limestone. 


Notes. — 1. The relatively large weight (5 grams) taken for analysis 
insures greater accuracy in the determination of the ingredients which 
are present in small proportions, and is also more likely to be a repre- 
sentative sample of the material analyzed. 

2. It is plain that the amount of the insoluble residue and also its 
character will often depend upon the strength of acid used for solution 
of the limestone. It cannot, therefore, be regarded as representing 
any well-defined constituent, and its determination is essentially em- 
pirical. 

3. It is probable that some of the silicates present are wholly or 
partly decomposed by the acid, and the soluble silicic acid must be 
converted by evaporation to dryness and heating, into white, insoluble 
silica. This change is not complete after one evaporation. The heating 
at a temperature somewhat higher than that of the water bath for a 
short time tends to leave the silica in the form of a powder, which 
promotes subsequent filtration. The siliceous residue is washed first 
with dilute acid to prevent hydrolytic changes, which would result 
in the formation of appreciable quantities of insoluble basic iron or 
aluminum salts on the filter when washing with hot water. 

If it is desired to determine the percentage of silica separately, the 
ignited residue should be mixed in a platinum crucible with about six 
times its weight of anhydrous sodium carbonate, and the procedure 
given on page 253 should be followed. The filtrate from the silica is 
then added to the main filtrate from the insoluble residue. 
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DETERMINATION OF FERRIC OXIDE AND ALUMINUM OXIDE 
(WITH MANGANESE) 


Procedure. — To the filtrate from the insoluble residue add 
ammonium hydroxide until the solution just smells distinctly of 
ammonia, but do not add a large excess. Then add 5 ml. of satu- 
rated bromine water (Note 1), and boil for five minutes. If the 
smell of ammonia has disappeared, again add ammonium hydrox- 
ide in slight excess, and 3 ml. of bromine water, and heat again 
for a few minutes. Finally add 10 ml. of ammonium chloride 
solution and keep the solution warm until it barely smells of 
ammonia; then filter promptly (Note 2). Wash the filter twice 
with hot water, then (after replacing the receiving beaker) pour 
through it 25 ml. of hot, dilute hydrochloric acid (1 volume 
dilute HCl (sp. gr. 1.12) to 5 volumes water). A brown residue 
insoluble in the acid may be allowed to remain on the filter. 
Wash the filter five times with hot water, add to the filtrate 
ammonium hydroxide and bromine water as described above, and 
repeat the precipitation. Collect the precipitate on the filter 
already used, wash it free from chlorides with hot water, and 

_ignite and weigh as described for ferric hydroxide on page 210. 
The residue after ignition consists of ferric oxide, alumina, and 
mangano-manganic oxide (Mn;O,), if manganese is present. 
These are commonly determined together (Note 3). 

Calculate the percentage of the combined oxides in the lime- 
stone. 


‘Notes. —1. The addition of bromine water to the ammoniacal solu- 
tions serves to oxidize any ferrous hydroxide to ferric hydroxide and 
to precipitate manganese as MnO(OH)2. The solution must contain 
not more than a bare excess of hydroxyl ions (ammonium hydroxide) 
when it is filtered, on account of the tendency of the aluminum hy- 
droxide to redissolve. 

The solution should not be strongly ammoniacal when the bromine 
is added, as strong ammonia reacts with the bromine, with the evolu- 
tion of nitrogen. 

2. The precipitate produced by ammonium hydroxide and bromine 
should be filtered off promptly, since the alkaline solution absorbs 
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carbon dioxide from the air, with consequent partial precipitation of 
the calcium as carbonate. This is possible even under the most favor- 
able conditions, and for this reason the iron precipitate is redissolved 
and again precipitated to free it from calcium. When the precipitate 
is small, this reprecipitation may be omitted. 

3. In the absence of significant amounts of manganese the iron and 
aluminum may be separately determined by fusion of the mixed ig- 
nited precipitate, after weighing, with about ten times its weight of 
acid potassium sulfate, solution of the cold fused mass in water, and 
volumetric determination of the iron, as described on page 110. The 
aluminum is then determined by difference, after subtracting the 
weight of ferric oxide corresponding to the amount of iron found. 

If a separate determination of the iron, aluminum, and manganese 
is desired, the mixed precipitate may be dissolved in acid before ignition, 
and the separation effected by special methods. 


DETERMINATION OF CALCIUM 


Procedure. — To the combined filtrates from the double pre- 
cipitation of the hydroxides just described, add 5 ml. of dilute 
ammonium hydroxide (sp. gr. 0.96), and transfer the liquid to 
a 500 ml. graduated flask, washing out the beaker carefully. Cool 
to laboratory temperature, and fill the flask with distilled water 
until the lowest point of the meniscus is exactly level with the 
mark on the neck of the flask. Carefully remove any drops of 
water which are on the inside of the neck of the flask above the 
graduation by means of a strip of filter paper, make the solution 
uniform by pouring it out into a dry beaker and back into the flask 
several times. Measure off one-fifth of this solution as follows 
(Note 1): Pour into a 100 ml. graduated flask about 10 ml. of the 
solution, shake the liquid thoroughly over the inner surface of the 
small flask, and pour it out. Repeat the same operation. Fill 
the 100 ml. flask until the lowest point of the meniscus is exactly 
level with the mark on its neck, remove any drops of solution 
from the upper part of the neck with filter paper, and pour the 
solution into a beaker (400-500 ml.). Wash out the flask with 
small quantities of water until it is clean, adding these to the 
too ml. of solution. When the duplicate portion of roo ml. is 
_ measured out from the solution, remember that the flask must be 
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rinsed out twice with that solution, as prescribed above, before 
the measurement is made. (A 100 ml. pipet may be used to 
measure out the aliquot portions, if preferred.) 

Dilute each of the measured portions to 250 ml. with distilled 
water, heat the whole to boiling, and add ammonium oxalate solu- 
tion slowly in moderate excess, stirring well. Boil for two min- 
utes; allow the precipitated calcium oxalate to settle for a half- 
hour, and decant through a filter. Test the filtrate for complete 
precipitation by adding a few milliliters of the precipitant, al- 
lowing it to stand for fifteen minutes. If no precipitate forms, 
make the solution slightly acid with hydrochloric acid (Note 2); 
see that it is properly labeled and reserve it to be combined with 
the filtrate from the second calcium oxalate precipitation (Notes 3 
and 4). 

Redissolve the calcium oxalate in the beaker with warm hydro- 
chloric acid, pouring the acid through the filter. Wash the filter 
five times with water, and finally pour through it aqueous am- 
monia. Dilute the solution to 250 ml., bring to boiling, and add 
1 ml. ammonium oxalate solution (Note 5) and ammonia in slight 
excess; boil for two minutes, and set aside for a half-hour. 
_ Filter off the calcium oxalate upon the filter first used, and wash 
free from chlorides. The filtrate should be made barely acid 
with hydrochloric acid and combined with the filtrate from the 
first precipitation. Begin at once the evaporation of the solutions 
for the determination of magnesium as described below. 

The precipitate of calcium oxalate may be converted into cal- 
cium oxide by ignition without previous drying. After burning 
the filter, it may be ignited for three-quarters of an hour in a 
platinum crucible at the highest heat of the Bunsen or Tirrill 
burner, and finally for ten minutes at the blast lamp (Note 6). 
Repeat the heating over a blast lamp or a Meker burner until the 
weight is constant. As the calcium oxide absorbs moisture from 
the air, it must (after cooling) be weighed as rapidly as possible. 

The precipitate may, if preferred, be placed in a weighed por- 
celain crucible. After burning off the filter and heating for ten 
minutes, the calcium precipitate may be converted into calcium 
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sulfate by placing 2 ml. of dilute sulfuric acid in the crucible 
(cold), heating the crucible very cautiously over a low flame or 
in a radiator crucible to drive off the excess of acid, and finally at 
redness to constant weight (Note 7). 

From the weight of the oxide or sulfate, calculate the per- 
centage of calcium oxide (CaO) in the limestone, remembering 
that only one-fifth of the total solution is used for this deter- 
mination. 


Notes. — 1. If the calcium were precipitated from the entire solution, 
the quantity of the precipitate would be greater than could be prop- 
erly treated. The solution is, therefore, diluted to a definite volume 
(500 ml.), and exactly one-fifth (100 ml.) is measured off in a graduated 
flask or by means of a pipet. 

2. The filtrate from the calcium oxalate should be made slightly acid 
immediately after filtration, in order to avoid the solvent action of the 
alkaline liquid upon the glass. 

3. The accurate quantitative separation of calcium from magnesium 
as oxalate requires considerable care. The calcium precipitate usually 
carries down with it some magnesium, and this can best be removed by 
redissolving the precipitate after filtration, and reprecipitation in the 
presence of only the small amount of magnesium which was included in 
the first precipitate. When, however, the proportion of magnesium is 
not very large, the second precipitation of the calcium can usually be 
avoided by precipitating it from a rather dilute solution (800 ml. or so) 
and in the presence of a considerable excess of the precipitant, that is, 
rather more than enough to convert both the magnesium and calcium 
into oxalates. The precipitate of calcium oxalate should not be allowed 
to stand too long before filtering. Otherwise magnesium oxalate will 
tend to come out with it (“‘post-precipitation”’). 

4. The ionic changes involved in the precipitation of calcium as 
oxalate are exceedingly simple, and the principles discussed in connec- 
tion with the barium sulfate precipitation on page 216 also apply here. 


The reaction is C,0.-— + Ca++ — CaC.0u. 


Calcium oxalate is nearly insoluble in water, and only very slightly 
soluble in acetic acid, but is readily dissolved by the strong mineral 
acids. This behavior with acids is explained by the fact that oxalic 
acid is a stronger acid than acetic acid; when, therefore, the oxalate is 
brought into contact with the latter there is almost no tendency to 
diminish the concentration of C,O.-~ ions by the formation of an acid 
less dissociated than the acetic acid itself, and practically no solvent 
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action ensues. When a strong mineral acid is present, however, the 
ionization of the oxalic acid is much reduced by the high concentration 
of the Ht ions from the strong acid, the formation of the undissociated 
acid lessens the concentration of the C,0.-~ ions in solution, more of 
the oxalate passes into solution to reéstablish equilibrium, and this 
process repeats itself until all is dissolved. 

The oxalate is immediately reprecipitated from such a solution on 
the addition of OH” ions, which, by uniting with the H* ions of the 
acids (both the mineral acid and the oxalic acid) to form water, leave 
the Ca++ and C,0.-~ ions in the solution to recombine to form CaC,Ou,, 
which is precipitated in the absence of the H* ions. It is well at this 
point to add a small excess of C.O.-~ ions in the form of ammonium 
oxalate to decrease the solubility of the precipitate. 

The oxalate precipitate consists mainly of CaC.0.4 * H,O when thrown 
down. 

5. The small quantity of ammonium oxalate solution is added before 
the second precipitation of the calcium oxalate to insure the presence 
of a slight excess of the reagent, which promotes the separation of the 
calcium compound. 

6. On ignition the calcium oxalate loses carbon dioxide and carbon 
monoxide, leaving calcium oxide: 


CaC.04* HO — CaO + CO2 + CO + HO. 


For small weights of the oxalate (0.6 gram or less) this reaction may be 
brought about in a platinum crucible at the highest temperature of a 
Tirrill burner, but it is well to ignite larger quantities than this over the 
blast lamp until the weight is constant. 

7. The heat required to burn the filter, and that subsequently ap- 
plied as described, will convert most of the calcium oxalate to calcium 
carbonate, which is changed to sulphate by the sulphuric acid. The 
reactions involved are 


CaC204 > CaCO; + CO, 
CaCO; + H:SO. — CaSO. + CO2 + H20. 


If a porcelain crucible is employed for ignition, this conversion to 
sulfate is to be preferred, as a complete conversion to oxide is difficult 
to accomplish in such a crucible. The removal of the excess sulfuric 
acid requires extreme care to prevent spattering. The use of a radiator 
crucible is advantageous in this respect. This consists of a large iron or 
nickel crucible fitted on the inside with a triangle on which the porcelain 
crucible rests. The iron crucible is heated with the full Tirrill flame. 
The inner crucible is thus heated by radiation and without danger of 
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spattering. After the acid has been driven off, the porcelain crucible is 
then heated in the flame. 

It is possible but difficult to ignite the calcium oxalate at such a 
temperature that it is converted only to calcium carbonate, in which 
form it can be weighed. he 

8. The determination of the calcium may be completed volumetri- 
cally by washing the calcium oxalate precipitate from the filter into 
dilute sulfuric acid, warming, and titrating the liberated oxalic acid 
with a standard solution of potassium permanganate as described on 
page 103. When a considerable number of analyses are to be made, this 
procedure will save much of the time otherwise required for ignition 
and weighing. 


DETERMINATION OF MAGNESIUM 


Procedure. — Evaporate the acidified filtrates from the cal- 
cium precipitates until the salts begin to crystallize, but do not 
evaporate to dryness (Note 1). Dilute the solution cautiously 
until the salts are brought into solution, adding a little acid if 
the solution has evaporated to very small volume. The solution 
should be carefully examined at this point and must be filtered if a 
precipitate has appeared. Heat the clear solution to boiling; 
remove the burner and add 25 ml. of a solution of di-sodium 
phosphate. Then add slowly dilute ammonia (1 volume strong 
ammonia (sp. gr. 0.90) and g volumes water) until distinctly 
ammoniacal. Finally, add a volume of concentrated ammonia 
(sp. gr. 0.90) equal to one-ninth of the volume of the solution, 
and allow the whole to stand in a cool place for at least two hours. 

Decant the solution through a filter and wash the precipitate 
with dilute ammonia water (1:9). Dissolve the precipitate from 
the filter with a little warm 6 N hydrochloric acid, allowing the 
acid solution to run into the beaker in which the original precipi- 
tation was made (Note 2). Wash the filter with water until the 
wash-water shows no test for chlorides. Add to the solution 
2 ml. of di-sodium phosphate solution and then ammonium 
hydroxide solution drop by drop with constant stirring until 
the solution smells distinctly of ammonia. Then add a volume 
of strong ammonia (sp. gr. 0.90) equal to one-ninth of the vol- 
ume of the solution. Allow to stand for some hours, and then 
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filter off the magnesium phosphate, which should be distinctly 
crystalline in character. Wash the precipitate with dilute am- 
monia water as prescribed above, until finally 3 ml. of the wash- 
ings, after acidifying with nitric acid, show no evidence of 
chlorides. 

Transfer the moist precipitate to a weighed porcelain crucible 
and ignite and weigh, using the same precautions given on 
page 229 for the ignition of the same compound obtained in the 
analysis of apatite. 

From the weight of the pyrophosphate, calculate the percent- 
age of magnesium oxide (MgO) in the sample of limestone. 
Remember that the pyrophosphate finally obtained is from one- 
fifth of the original sample. 


Notes. — 1. The precipitation of the magnesium should be made in 
as small a volume as possible, and the ratio of ammonia to the total 
volume of solution should be carefully provided for, on account of the 
relative solubility of the magnesium ammonium phosphate. This 
matter has been fully discussed in connection with the analysis of 
apatite. 

2. The first magnesium ammonium phosphate precipitate is rarely 
wholly crystalline, as it should be, and is not always of the proper com- 
position when precipitated in the presence of such large amounts of 
ammonium salts. The difficulty can best be remedied by filtering the 
precipitate and redissolving in a small quantity of hydrochloric acid, 
from which it may be again thrown down by ammonia after adding a 
little di-sodium phosphate solution. If the flocculent character was 
occasioned by the presence of magnesium hydroxide, the second precipi- 
tation, in a smaller volume containing fewer salts, will often result more 
favorably. 

The removal of iron or alumina from a contaminated precipitate is a 
matter involving a long procedure, and a redetermination of the mag- 
nesium from a new sample, with additional precautions, is usually 
to be preferred. 


DETERMINATION OF CARBON DIOXIDE 


Absorption Apparatus 


The apparatus required for the determination of the carbon 
dioxide should be arranged as shown in the cut (Fig. 12). The 





Fic. 12 
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flask (A) is an ordinary wash-bottle, which should be nearly | 
filled with dilute hydrochloric acid (100 ml. acid (sp. gr. 1.12) 
and 200 ml. of water). The flask is connected by rubber tubing 
(a) with the glass tube (0) leading nearly to the bottom of the 
evolution flask (B) and having its lower end bent upward and 
drawn out to small bore, so that the carbon dioxide evolved 
from the limestone cannot bubble back into (0). The evolution 
flask should preferably be a wide-mouthed Soxhlet extraction 
flask of about 150 ml. capacity because of the ease with which 
tubes and stoppers may be fitted into the neck of a flask of this 
type. The flask should be fitted with a two-hole rubber stopper. 
The condenser (C) may consist of a tube with two or three large 
bulbs blown in it, for use as an air-cooled condenser, or it may be 
a small water-jacketed condenser. The latter is to be preferred 
if a number of determinations are to be made in succession. 

A glass delivery tube (c) leads from the condenser to the small 
U-tube (D) containing some glass beads or small pieces of broken 
glass moistened with a solution made by adding concentrated 
sulfuric acid to a saturated solution of silver sulfate. The short 
rubber tubing (d) connects the first U-tube to a second U-tube (£) 
which is filled with small dust-free lumps of dry calcium chloride 
previously saturated with carbon dioxide, with a small, loose 
plug of cotton at the top of each arm (Note 1). Both tubes 
should be closed by cork stoppers, the tops of which are cut off 
level with, or preferably forced a little below, the top of the 
U-tube, and then neatly sealed with sealing wax. 

The carbon dioxide is absorbed in a Midvale tube (F) contain- 
ing ascarite (Note 2). Loose plugs of cotton or glass wool are 
placed at the top and bottom of the tube to prevent loss of fine 
particles of the ascarite. 

The small bottle (G) with concentrated sulfuric acid (sp. gr. 
1.84) is so arranged that the tube (f) barely dips below the sur- 
face. This will prevent the absorption of water vapor by (F) 
and serves as‘an aid in regulating the flow of air through the 
apparatus. (H) is a U-tube filled with soda lime or ascarite. 

All connections should be made glass to glass and all rubber 
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tubing should be new, flexible, and tight fitting. Sealing wax 
should not be used except on cork stoppers as specified in the 
above directions. ; 


Notes. —1. The air current, which is subsequently drawn through 
the apparatus, to sweep all of the carbon dioxide into the absorption 
apparatus, is likely to carry with it some hydrochloric acid from the 
evolution flask. This acid is retained by the silver sulfate solution. 
The addition of concentrated sulfuric acid to this solution reduces 
its vapor pressure so far that very little water is carried on by the air 
current, and this slight amount is absorbed by the calcium chloride 
in (EZ). As the calcium chloride frequently contains a small amount of 
a basic material which would absorb carbon dioxide, it is necessary to 
pass carbon dioxide through (Z) for a short time and then drive all 
the gas out with a dry air current for thirty minutes before use. 

2. Ascarite is a commercial preparation and consists of asbestos 
which has been impregnated with sodium hydroxide. It is superior 
to soda lime as an absorbent for carbon dioxide. As carbon dioxide 
is absorbed the color of that part of the ascarite layer acted upon changes 
from gray to white. When nearly all of the ascarite has changed color 
it is discarded and the tube is filled with a fresh supply. 

A concentrated solution of potassium hydroxide (1:2) can be used 
in a Geissler bulb as an absorbent for carbon dioxide but the apparatus 
is difficult to fill and clean, and the method is much less convenient. 


The Analysis 


Procedure. — Weigh out accurately into the flask (B) about 
1 gram of limestone. Cover it with 15 ml. of water. Weigh the 
absorption apparatus (/) accurately after allowing it to stand for 
thirty minutes in the balance case, and wiping it carefully with 
a lintless cloth, taking care to handle it as little as possible after 
wiping (Note 1). Connect the absorption apparatus with (e) 
and (f). 

To be sure that the whole apparatus is air-tight, disconnect 
the rubber tube from the flask (A), making sure that the tubes 
(a) and (6) do not contain any hydrochloric acid, close the pinch- 
cock (a) and apply suction at (g). No bubbles should pass 
through (G) after a few seconds. When assured that the fittings 
are tight, shut off the suction and open (a) cautiously to admit air 
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to restore atmospheric pressure. Reconnect the rubber tube _ 
with the flask (A). Open the pinchcocks (a), disconnect the 
suction, and blow over about 10 ml. of the hydrochloric acid from 
(A) into (B). When the action of the acid slackens, blow over 
(slowly) another ro ml. 

The rate of gas evolution should not exceed for more than a 
few seconds that at which about two bubbles per second pass 
through (G) (Note 2). Repeat the addition of acid in small 
portions until the action upon the limestone seems to be at an 
end, taking care to close (a) after each addition of acid (Note 3). 
Disconnect (A) and connect the rubber tubing with the soda-lime 
tube (H) and open (a). Then apply gentle suction at (g) in such 
a way that about two bubbles per second pass through (G). Place 
a small flame under (B) and slowly raise the contents to boiling 
and boil for three minutes. Then remove the burner from under 
(B) and continue to draw air through the apparatus for 20-30 
minutes (Note 4). Remove the absorption apparatus, stoppering 
the open ends of (F), leave the apparatus in the balance case for 
at least thirty minutes, wipe it carefully, remove the plugs, and 
weigh. The increase in weight is due to absorption of CO:, from 
which its percentage in the sample may be calculated. 

After cleaning (B) the apparatus is ready for the duplicate 
analysis. 


Notes. — 1. The absorption tube has a large surface on which mois- 
ture may collect. By allowing it to remain in the balance case for 
some time before weighing, the amount of moisture absorbed on the 
surface is as nearly constant as practicable during two weighings, and 
a uniform temperature is also assured. 

2. If the gas passes too rapidly into the absorption apparatus, some 
carbon dioxide may be carried through, not being completely retained 
by the absorbent. 

3. The essential ionic changes involved in this procedure are the 
following: It is assumed that the limestone, which is typified by cal- 
cium carbonate, is very slightly soluble in water, and the ions resulting 
are Ca++ and CO;-~. In the presence of H* ions of the mineral acid, 
the CO;-~ ions form H,CO3. This is not only a weak acid which, by 
its formation, diminishes the concentration of the CO; ions, thus caus- 


248 GRAVIMETRIC ANALYSIS 


ing more of the carbonate to dissolve to reéstablish equilibrium, but 
it is also an unstable compound and breaks down into carbon dioxide 


and water. 

4. Carbon dioxide is dissolved by cold water, but the gas is expelled 
by boiling, and, together with that which is distributed through the 
apparatus, is swept out into the absorption bulb by the current of air. 
This air is purified by drawing it through the tube (H) containing soda 
lime, which removes any carbon dioxide which may be in it. 


STOICHIOMETRY 


It is occasionally necessary to eliminate from or introduce into 
a report of an analysis one or more constituents and to calculate 
the results to a new basis. Thus, a mineral may contain hygro- 
scopic water which is not an integral part of the molecular 
structure. After complete analysis, it may be desirable to 
calculate the results to a dry basis as being more representative 
of the mineral under normal conditions. On the other hand, a 
material may contain a very large amount of water, and because 
of the difficulty of proper sampling, a small sample may be taken 
for the determination of the water while the bulk of the material 
is dried, sampled, and analyzed. It may then be desirable to 
convert the results thus obtained to the basis of the original wet 
sample. This applies equally well to constituents other than 
water, and in any case, the method by which these calculations 
are made is based upon the fact that the constituents other than 
the ones eliminated or introduced are all changed in the same 
proportion, and the total percentage must remain the same. 


Example I. — A sample of limestone gives the following analy- 
sis: 


CaO = 50.14% 
MgO = 3.18% 
Fe,03 + Al.O3 = 2.20% 
SiOz = 5.39% 
COz = 39.10% 


100.01 % 
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On ignition, this limestone is converted to lime and the percent- 
age of CO: in the lime is found to be reduced to 2.00%. What is 
the complete analysis of the lime? 


Solution. —In the limestone the percentage of non-volatile 
constituents is 100.01 — 39.10 = 60.91%. In the lime the corre- 
sponding percentage of non-volatile constituents is 100.01 — 2.00 
= 98.01%. The loss of the CO: has caused the percentages of the 
various non-volatile constituents to increase in the ratio of 
98.01 to 60.91. The analysis of the lime is therefore: 














ms 98.01 _ - 
CaO = 50.14 X Go.6r 80.67% 
a 98.01 _ 
MgO 2.10. Gag 5.12% 
Fe,03 + Al,.O3 = 2.20 X seo = 3.54%. Ans. 
0.91 
SiO, en = = 868% 
CO, = 2.00% 
100.01 % 


It is assumed that the student is already familiar with the 
_ simple applications of the three major gas laws, namely: 

1 (Boyle’s Law). The volume of a fixed gas at constant 
temperature is inversely proportional to the pressure to which 
it is subjected. 

2 (Charles’ Law). The volume of a fixed mass of a gas at 
constant pressure is directly proportional to the absolute tempera- 
ture to which it is subjected. (Absolute temperature = 273 + 
temperature in Centigrade units.) 

3 (Dalton’s Law). The pressure exerted by a mixture of gases 
is equal to the sum of the pressures of the individual components, 
and the pressure exerted by a single component is the same as 
the pressure that component would exert alone in the same 
volume. 


Example IT. — If a half-gram sample of the above limestone 
is treated with mineral acid, what volume of CO. gas would be 
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evolved when measured over water at 21° C. and 755 mm. 
barometric pressure? (Vapor pressure of water at 21° = 18.50 
mm.) 


Solution. — osece ROH = moles of CO, evolved 
2 
0.5000 X 0.3910 


GO X 22400 = ml. of CO, (standard conditions) 
2 


0.5000 X 0.3910 273 oak 760 es int 
44.00 si BRACO 8 argue syn ee 
Ans. 
PROBLEMS 


203. A sample of magnesium carbonate, contaminated with SiO, as its 
only impurity, weighs 0.5000 gram and loses 0.1000 gram on ignition. What 
volume of di-sodium phosphate solution (containing 90 grams NazHPO,- 
12 HO per liter) will be required to precipitate the magnesium as magne- 
sium ammonium phosphate? Answer: 9.07 ml. 


204. A sample of dolomite is analyzed for calcium by precipitating as 
the oxalate and igniting the precipitate. The ignited product is assumed 
to be CaO and the analyst reports 29.50% Ca in the sample. Owing to 
insufficient ignition, the product actually contained 8% of its weight of 
CaCO;. What is the correct percentage of calcium in the sample, and 
what is the percentage error? Answer: 28.46%; 3.65% error. 


205. What weight of impure calcite (CaCOs) should be taken for analy- 
sis so that the volume in milliliters of CO, obtained by treating with acid, 
measured dry at 18° C. and 763 mm., shall equal the percentage of CaO in 
the sample? Answer: 0.2359 gram. 


206. A sample of magnesia limestone has the following composition: 
Silica, 3.00%; ferric oxide and alumina, 0.20%; calcium oxide, 33.10%; 
magnesium oxide, 20.70%; carbon dioxide, 43.00%. In manufacturing 
lime from the above the carbon dioxide is reduced to 3.00%. How many 
milliliters of normal KMnO, will be required to determine the calcium oxide 
volumetrically in a 1-gram sample of the lime? Answer: 20.08 ml. 

207. The calcium in a sample of dolomite weighing 0.9380 gram is pre- 
cipitated as calcium oxalate and ignited to calcium oxide. What volume 
of gas, measured over water at 20° C. and 765 mm. pressure, is given off 
during ignition, if the resulting oxide weighs 0.2606 gram? (G.M.V. = 
22.4 liters; V.P. water at 20° C. = 17.4 mm.) Answer: 227 ml. 

208. A limestone is found to contain 93.05% CaCOs, and 5.16% MgCOs. 
Calculate the weight of CaO obtainable from 3 tons of the limestone, as- 
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suming complete conversion to oxide. What weight of Mg2P.O, could 
be obtained from a 3-gram sample of the limestone? 


Answer: 1.565 tons; 0.2044 gram. 


209. A sample is prepared for student analysis by mixing pure apatite 
(Cas(PO.)2* CaCls) with an inert material. If 1 gram of the sample gives 
0.4013 gram of Mg2P.0,, how many milliliters of ammonium oxalate solution 
(containing 40 grams of (NH4)2C204- H20 per liter) would be required to 
precipitate the calcium from the same weight of sample? 


Answer: 25.60 ml, 


210. If 0.6742 gram of a mixture of pure magnesium carbonate and pure 
calcium carbonate, when treated with an excess of hydrochloric acid, yields 
0.3117 gram of carbon dioxide, calculate the percentage of magnesium oxide 
and of calcium oxide in the sample. 


Answer: 13.22% MgO; 40.54% CaO. 


211. A mixture of BaO and CaO weighing 1.792 grams, when treated with 
sulfuric acid and transformed to mixed sulfates, weighs twice the original 
amount. What is the percentage of CaO in the mixture? 


Answer: 52.9%. 


212. A certain dolomite contains 1.33% moisture, 1.20% SiOs, 1.01% 
ferric and aluminum oxides combined, and the remainder is calcium car- 
bonate and magnesium carbonate. The analysis shows 10.23% MgO. If 
this mineral is heated sufficiently to drive off all of the water and so that 
the percentage of CO: in the resulting product is 1.37%, what is the percent- 
age of CaO in the ignited material? Answer: 76.14%. 


213. If a sample of a powder consisting of a mixture of equal weights 
of pure CaCO; and pure MgCO; yields a precipitate of calcium oxalate 
which requires 40.00 ml. otf KMnO, (1 ml. = 0.008375 gram Fe), what weight 
of ignited magnesium precipitate could be obtained by precipitating the 
magnesium with alkali phosphate from the ammoniacal filtrate? 


Answer: 0.3964 gram. 


214. A certain chemical is subject to changes in composition due to 
the ease in which water is absorbed or lost. No other changes take place. 
If in a sample showing 12.00% H,O the percentage of constituent a of the 
chemical is found to be 15.80%, what would be the percentage of a in a 
similar sample which shows only 3.90% HO? Answer: 17.26%. 


215. A sample of dolomite weighing 1.000 gram gives a precipitate of 
j N 
calcium oxalate requiring 55.00 ml. of ie KMn0O,j for titration. A similar 


weight of the dolomite weighs 0.9950 gram after complete drying and when 


252 GRAVIMETRIC ANALYSIS 


treated with acid yields 150.0 ml. of CO, when measured over water at 
26° C. and 768 mm. barometric pressure (V.P. of water at 26° = 25.0 mm.). 
Lime is made from this dolomite by strong ignition in which all of the mois- 
ture is lost and the percentage of CO, in the lime is only 0.70%. What 
weight of CaSO, is obtainable in the analysis of 0.5000 gram of the lime? 
Answer: 0.507 gram. 


DETERMINATION OF SILICA IN A SILICATE 


Of the natural silicates, or artificial silicates such as slags and 
some of the cements, a comparatively few can be completely 
decomposed by treatment with acids, but by far the larger 
number require fusion with an alkaline flux to effect decomposi- 
tion and solution for analysis. The procedure given below 
applies to silicates undecomposable by acids, of which the min- 
eral feldspar is taken as a typical example. Modifications of 
the procedure, which are applicable to silicates which are com- 
pletely or partially decomposable by acids, are given in the Notes 


on page 257. 


PREPARATION OF THE SAMPLE 


Grind about 3 grams of the mineral in an agate mortar (Note 
t) until no grittiness can be detected, or, better, until it will 
entirely pass through a sieve made of fine silk bolting cloth. The 
sieve may be made by placing a piece of the bolting cloth over 
the top of a small beaker in which the ground mineral is placed, 
holding the cloth in place by means of a rubber band below 
the lip of the beaker. By inverting the beaker over clean paper 
and gently tapping it, the fine particles pass through the sieve, 
leaving the coarser particles within the beaker. These must be 
returned to the mortar and ground, and the process of sifting 
and grinding repeated until the entire sample passes through 
the sieve. 


Note. —If the sample of feldspar for analysis is in the massive or 
crystalline form, it should be crushed in an iron mortar until the 
pieces are about half the size of a pea, and then transferred to a steel 
mortar, in which they are reduced to a coarse powder. A wooden 
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mallet should always be used to strike the pestle of the steel mortar, 
and the blows should not be sharp. 

It is plain that final grinding in an agate mortar must be continued 
until the whole of the portion of the mineral originally taken has been 
‘ground so that it will pass the bolting cloth, otherwise the sifted portion 
does not represent an average sample, the softer ingredients, if foreign 
matter is present, being first reduced to powder. For this reason it is 
best to start with not more than the quantity of the feldspar needed 
for analysis. The mineral must be thoroughly mixed after the grinding. 


FUSION AND SOLUTION 


Procedure. — Weigh into platinum crucibles two portions of 
the ground feldspar of about 0.8 gram each. Weigh on rough 
balances two portions of anhydrous sodium carbonate, each 
amounting to about six times the weight of the feldspar taken 
for analysis (Note 1). Pour about three-fourths of the sodium 
carbonate into the crucible, place the latter on a piece of clean, 
glazed paper, and thoroughly mix the substance and the flux by 
carefully stirring for several minutes with a dry glass rod, the 
end of which has been recently heated and rounded in a flame 
and slowly cooled. The rod may be wiped off with a small frag- 
- ment of filter paper, which may be placed in the crucible. Place 
the remaining fourth of the carbonate on the top of the mixture. 
Cover the crucible, heat it to dull redness for five minutes, and 
then gradually increase the heat to the full capacity of a Bunsen 
or Tirrill burner for twenty minutes, or until a quiet, liquid 
fusion is obtained (Note 2). Finally, heat the sides and cover 
strongly until any material which may have collected upon them 
is also brought to fusion. 

Tilt the crucible and allow to cool in that position. This ex- 
poses more surface to the subsequent action of the solvent. 
Disintegrate the mass by placing the crucible in a previously pre- 
pared mixture of 100 ml. of water and 50 ml. of dilute hydrochloric 
acid (sp. gr. 1.12) in a covered casserole (Note 3). Remove the 
crucible as soon as disintegration is complete and clean the 
crucible and lid by means of a little hydrochloric acid, adding 
this acid to the main solution (Notes 4 and 5). 
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Notes. — 1. Quartz, and other minerals containing very high per- 
centages of silica, may require eight or ten parts by weight of the flux 
to insure a satisfactory decomposition. 

2. During the fusion the feldspar, which, when pure, is a silicate of 
aluminum and either sodium or potassium}*but usually contains some 
iron, calcium, and magnesium, is decomposed by the alkaline flux. The 
sodium of the latter combines with the silicic acid of the silicate, with 
the evolution of carbon dioxide, while about two-thirds of the aluminum 
forms sodium aluminate and the remainder is converted into basic 
carbonate, or the oxide. The calcium and magnesium, if present, are 
changed to carbonates or oxides. 

The heat is applied gently to prevent a too violent reaction when 
fusion first takes place. 

3. The solution of a silicate by a strong acid is the result of the com- 
bination of the H+ ions of the acid and the silicate ions of the silicate 
to form a slightly ionized silicic acid. As a consequence, the concen- 
tration of the silicate ions in the solution is reduced nearly to zero, 
and more silicate dissolves to reéstablish the disturbed equilibrium. 
This process repeats itself until all of the silicate is brought into solution. 

Whether the resulting solution of the silicate contains ortho-silicic 
acid (H,SiO4) or whether it is a colloidal solution of some other less 
hydrated acid, such as meta-silicic acid (H2SiO3), is a matter that is 
still debatable. It is certain, however, that the gelatinous material 
which readily separates from such solutions is of the nature of a hydro- 
gel, that is, a colloid which is insoluble in water. This substance when 
heated to 100° C., or higher, is completely dehydrated, leaving only 
the anhydride, SiOz. The changes may be represented by the equation: . 

SiOs-— + 2 H* — H,SiO3; — H.O + SiOz. 

4. A portion of the fused mass is usually projected upward by the 
escaping carbon dioxide during the fusion. The crucible must there- 
fore be kept covered as much as possible and the lid carefully cleaned. 

5. A gritty residue remaining after the disintegration of the fused 
mass by acid indicates that the substance has been but imperfectly de- 
composed. Such a residue should be filtered, washed, dried, ignited, 
and again fused with the alkaline flux; or, if the quantity of material at 
hand will permit, it is better to reject the analysis, and to use increased 
care in grinding the mineral and in mixing it with the flux. 


DEHYDRATION AND FILTRATION 


Procedure. — Evaporate the solution of the fusion to dryness, 
stirring frequently until the residue is a dry powder. Moisten 
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the residue with 5 ml. of strong hydrochloric acid (sp. gr. 1.20) 
and evaporate again to dryness. Heat the residue for at least 
one hour at a temperature of 110° C. (Note 1). Again moisten 
the residue with concentrated hydrochloric acid, warm gently, 
making sure that the acid comes into contact with the whole of 
the residue, dilute to about 200 ml. and bring to boiling. Filter 
off the silica without much delay (Note 2), and wash five times 
with warm dilute hydrochloric acid (one part 6 N acid to three 
parts water). Allow the filter to drain for a few moments, then 
place a clean beaker below the funnel and wash with water until 
free from chlorides, discarding these washings. Evaporate the 
original filtrate to dryness, dehydrate at 110° C. for one hour 
(Note 3), and proceed as before, using a second filter to collect 
the silica after the second dehydration. Wash this filter with 
warm, dilute hydrochloric acid (Note 4), and finally with hot 
water until free from chlorides. 


Notes. — 1. The silicic acid must be freed from its combination with 
a base (sodium, in this instance) before it can be dehydrated. The ex- 
cess of hydrochloric acid accomplishes this liberation. By disintegrat- 
ing the fused mass with a considerable volume of dilute acid the silicic 
acid is at first held in solution to a large extent. Immediate treatment 
of the fused mass with strong acid is likely to cause a semi-gelat- 
inous silicic acid to separate at once and to inclose alkali salts or 
alumina. 

A flocculent residue will often remain after the decomposition of the 
fused mass is effected. This is usually partially dehydrated silicic 
acid and does not require further treatment at this point. The progress 
of the dehydration is indicated by the behavior of the solution, which 
as evaporation proceeds usually gelatinizes. On this account it is 
necessary to allow the solution to evaporate on a steam bath, or to 
stir it vigorously, to avoid loss by spattering. 

2. To obtain an approximately pure silica, the residue after evapora- 
tion must be thoroughly extracted by warming with hydrochloric acid, 
and the solution freely diluted to prevent, as far as possible, the in- 
closure of the residual salts in the particles of silica. The filtration 
should take place without delay, as the dehydrated silica slowly dis- 
solves in hydrochloric acid on standing. 

3. It has been shown by Hillebrand that silicic acid cannot be com- 
pletely dehydrated by a single evaporation and heating, nor by several 


256 


GRAVIMETRIC ANALYSIS 


such treatments, unless an intermediate filtration of the silica occurs. 
If, however, the silica is removed and the filtrates are again evaporated 
and the residue heated, the amount of silica remaining in solution is 
usually negligible, although several evaporations and filtrations are 
required with some silicates to insure absolute accuracy. 

It is probable that temperatures above 100° C. are not absolutely 
necessary to dehydrate the silica; but it is recommended, as tending to 
leave the silica in a better condition for filtration than when the lower 
temperature of the water bath is used. 

The double evaporation and filtration spoken of above are essential 
because of the relatively large amount of alkali salts (sodium chloride) 
present after evaporation. For the highest accuracy in the determina- 
tion of silica, or iron and alumina, it is also necessary to examine for 
silica the precipitate produced in the filtrate by ammonium hydroxide 
by fusing it with acid potassium sulfate and dissolving the fused mass 
in water. The insoluble silica is filtered, washed, and weighed, and the 
weight added to the weight of silica previously obtained. 

Aluminum and iron are likely to be thrown down as basic salts from 
hot, very dilute solutions of their chlorides, as a result of hydrolysis. 
If the silica were washed only with hot water, the solution of these 
chlorides remaining in the filter after the passage of the original filtrate 
would gradually become so dilute as to throw down basic salts within 
the pores of the filter, which would remain with the silica. To avoid 
this, an acid wash-water is used until the aluminum and iron are prac- 
tically removed. The acid is then removed by water. 


IGNITION AND TESTING OF SILICA 


Procedure. — Transfer the two washed filters belonging to 
each determination to a platinum crucible, which need not be 
previously weighed, and burn off the filter (Note 1). Ignite 
for thirty minutes over the blast lamp with the cover on the cru- 
cible, and then for periods of ten minutes, until the weight is 
constant. - 

When a constant weight has been obtained, pour into the 
crucible about 3 ml. of water, and then 3 ml. of hydrofluoric acid. 
This must be done in a hood with a good draft and great care must 
be taken not to come into contact with the acid or to inhale its fumes 
(Note 2). 

If the precipitate has dissolved in this quantity of acid, add 
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two drops of concentrated sulfuric acid, and heat very slowly 
(always under the hood and preferably within a radiator cru- © 
cible) until all the liquid has evaporated, finally igniting to 
redness. Cool in a desiccator, and weigh the crucible and residue. 
Deduct this weight from the previous weight of crucible and im- 
pure silica, and from the difference calculate the percentage of 
silica in the sample (Note 3). 


Notes. —1. The silica undergoes no change during the ignition 
beyond the removal of all traces of water; but it has been shown 
that the silica holds moisture so tenaciously that prolonged ignition 
over the blast lamp is necessary to remove it entirely. This finely 
divided, ignited silica tends to absorb moisture, and should be weighed 
quickly. 

2. Notwithstanding all precautions, the ignited precipitate of silica 
is rarely wholly pure. It is tested by volatilization of the silica as 
silicon fluoride after solution in hydrofluoric acid, and, if the analysis 
has been properly conducted, the residue, after treatment with the 
acids and ignition, should not exceed 1 mg. 

The acid produces ulceration if brought into contact with the skin, 
and its fumes are excessively harmful if inhaled. 

3. The impurities are probably weighed with the original precipitate 
in the form of oxides. The addition of the sulfuric acid displaces the 
hydrofluoric acid, and it may be assumed that the resulting sulfates 
(usually of iron or aluminum) are converted to oxides by the final 
ignition. 

It is obvious that unless the sulfuric and hydrofluoric acids used 
are known to leave no residue on evaporation, a quantity equal to that 
employed in the analysis must be evaporated and a correction applied 
for any residue found. 

4. If the silicate to be analyzed is shown by a previous qualitative 
examination to be completely decomposable, it may be directly treated 
with hydrochloric acid, the solution evaporated to dryness, and the 
silica dehydrated and further treated as described in the case of the 
feldspar after fusion. 

A silicate which gelatinizes on treatment with acids should be mixed 
first with a little water, and the strong acid added in small portions 
with stirring, otherwise the gelatinous silicic acid incloses particles of 
the original silicate and prevents decomposition. The water, by sepa- 
rating the particles and slightly lessening the rapidity of action, pre- 
vents this difficulty. This procedure is one which applies in general to 
the solution of fine mineral powders in acids. 


258 GRAVIMETRIC ANALYSIS 


If a small residue remains undecomposed by the treatment of the 
silicate with acid, this may be filtered, washed, ignited, and fused with 
sodium carbonate and a solution of the fused mass added to the original 
acid solution. This double procedure has an advantage, in that it 
avoids adding so large a quantity of sodium salts as is required for dis- 
integration of the whole of the silicate by the fusion method. 


STOICHIOMETRY 


A careful, complete analysis of a silicate or other mineral of 
high degree of purity offers a means of establishing the empirical 
formula of the mineral. The percentages of the constituents 
of a mineral are usually expressed in terms of the oxides of the 
elements. If the percentage of each oxide constituent is divided 
by the molecular weight of that constituent, the number of moles 
(gram-molecular weights) of the constituent in 100 grams of the 
mineral is obtained. In any comparatively simple silicate, as 
with any other compound, these values must bear simple ratios 
to one another, since any molecule is always made up of whole 
numbers of atoms or molecular constituents. From these ratios 
of small whole numbers the empirical formula of the mineral 
can be determined. The actual formula of the mineral may 
of course be a multiple or sub-multiple of the empirical for- 
mula. 

Since even apparently homogeneous specimens of mineral 
usually contain small amounts of impurities and since the per- 
centages obtained by the average analyst using ordinary analy- 
tical methods are subject to slight errors, it can hardly be expected 
that the number of moles of the various constituents will stand 
to one another exactly in the ratio of small whole numbers al- 
though in the actual molecule (except in cases involving iso- 
morphic replacement discussed below) they must do so. In 
many cases some judgment must be exercised in order to deter- 
mine from the analysis the true molar ratios of the constituents 
in the molecule. A slide rule will be found to be almost indis- 
pensable for this purpose, since with two settings of the rule 
all possible ratios are visible. 
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Example I.— A sample of feldspar gives the following anal-. 
ysis: 


K.0 = 16.90% 
Al,O3 = 18.31% 
99-95 % 


What is the empirical formula of feldspar? 


Solution. — In 100 grams of the mineral there are present: 




















16.90 6. 

ae == a = = 0.180 mole of K.0 

18.31 18.21 

anc = oe = 0.179 mole of Al,O3 
64. 64. 

. oo = = a = 1.08 moles of SiO, 


The number of moles of these constituents are nearly enough 
in the ratio of 1:1:6 to be within the limits of experimental 
error. The molecule is therefore made up of K,0- Al,O3- 6 SiOz 
= K,Al.Sig035. Dividing by 2 gives the simplest formula: 
KAISi3Os. Ans. 

It often happens that a certain constituent in a mineral is 
partially replaced by another constituent, usually of the same 
type and valence. Thus, FeO; is often partially replaced by 
Al,O3 and vice versa. CaO may be partially replaced by MgO, 
MnO, FeO, etc. This phenomenon is called isomorphic replace- 
ment and since the replacement occurs in no definite proportion, 
the molar amounts of the constituents in such minerals do not 
necessarily bear any simple relation to one another. On the 
other hand, if constituent B partially replaces constituent A, 
the swm of the molar amounts of A and B would be the same as 
the molar amount of A if it had not been replaced. Conse- 
quently, when the molar quantities of the constituents of a 
mineral in themselves bear no simple ratio to one another, the 
quantities of constituents of the same type should be combined 
in an effort to obtain swms which do exist in ratios of simple 
whole numbers. 
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Example IT. — A silicate gives the following analysis: 


Al,O3 = 20.65 % 
Fe,03 = 7.03% 
CaO = 27.65% 
SiO2 = 44.55% 
99.88 % 


What is the empirical formula? 


Solution. —- In 100 grams of the mineral there are 








2005 0.202 mole of Al,O3 

Al,O3 = 0.246 mole 
eo = 0.044 mole of Fe,03 

21.85 = 0.493 mole of CaO 

Gan = 0.741 mole of SiO, 


Only when the molar quantities of the first two constituents 
are combined are the above numerical results found to be in 
simple ratio to one another, these being approximately as 1:2: a 
This shows isomorphic replacement between Fe,03 and Al.Os, 
and the formula of the mineral may therefore be written: 

(Al, Fe).03- 2 CaO: 3 SiO, 
or Ca2(Al, Fe).Sis;0u. Ans. 

Isomorphic replacement is denoted by inclosing in parenthesis 
the symbols for the replacing elements and separating them by 
means of commas. 


PROBLEMS 


216. What volume of 6 N hydrofluoric acid is theoretically required 
to volatilize the silica from a half-gram sample of pure feldspar (KAISi30s)? 
What volume of SiF, measured dry at 29° C. and 765 mm. barometric 
pressure is produced? Answer: 3.58 ml.; 132.2 ml. 

217. Willemite is a simple silicate of zinc containing 58.6% Zn. The 
percentages of ZnO and of SiO, total to 100%. What is the empirical for- 
mula of the mineral? Answer: Zn2SiOu. 


218. A silicate gives the following analysis: FeO = 18.88%; Na.O = 
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24.44%; MnO = 9.32%}; SiOz = 47.36%. Write four possible different 
empirical formulas for the silicate. Answer: NagMnFe2Si,Oig 
Na2(Mn, Fe)Si20¢ 
(Naz, Fe, Mn)SiO3 
(N: a 2Mn) oF eSi 30g. 
219. Judging solely from the common valences of the constituents, 
which of the following silicates could not exist: NazMgFe’Al,SiOu : 
Na;(Ca, Mg)AlSisO14; Na2(Mg, Fe’) AlsSi1gO41; Na2MgFe’”’Al.SijgO41? 
Answer: The last two. 


220. What would be the empirical formula of a mineral of the following 
composition and what would be the percentage of Fe in a completely ignited 
sample? CaO = 23.9%; MgO = 3.10%; Fe203 = 40.0%; CO2 = 33.0%. 

Answer: 2(Ca, Mg) + Fe.Os* 3 CO2; 41.76%. 

221. What is the empirical formula of a mineral containing 3.37% HO, 
19.10% Al.O3; 21.00% CaO; and 56.53% SiO2? 

Answer: H.CaeAl.SisOi¢. 

222. Two mineral samples from different localities gave the following 
analyses: (2) CaO = 12.6%; MgO = 19.0%; FeO = 14.5%; SiO = 53.0%. 
(b) CaO = 11.4%; MgO = 5.8%; FeO = 33.7%; SiOe = 49.1%. Show 
that these minerals can be given the same empirical formula and give that 
formula. Answer: Ca(Mg, Fe)s(SiOs)«. 

223. Determine the empirical formula from the following analysis of 
a specimen of biotite: H,O = 1.090%; K2O = 14.0%; MgO = 5.31%; 
FeO = 20.6%; Al.Oz3 = 21.4%; SiOz = 37.6%. 

Answer: (H, K)o(Mg, Fe) 2Alo(SiO«)s. 

224. A sample of feldspar weighing 1.00o gram is fused and the silica 
determined. The weight of silica is 0.6460 gram. This is fused with 4 grams 
of sodium carbonate. How many grams of the carbonate actually combined 
with the silica in fusion, and what was the loss in weight due to carbon 
dioxide during the fusion? Answer: 1.135 grams; 0.4715 gram. 

_ 225. Heulandite is hydrous acid calcium metasilicate and yields on 
analysis 14.8 per cent water and 16.7 per cent alumina. If the calcium were 


precipitated as calcium oxalate from a 1-gram sample, 16.4 ml. of ~ KMnO, 


would be required for oxidation. Three-fifths of the water exists as water of 
crystallization. What is the empirical formula of heulandite? 
Answer: HsCaAlo(SiOs). * 3 HO. 
226. A 1-gram sample of a certain silicate yields 0.4525 gram of silica, 
0.3840 gram of alumina, 0.6070 gram of K,PtCls, and 81.9 ml. of water 
vapor when measured at 120° C. and 750 mm. pressure. What is the em- 
pirical formula of the mineral? Answer: H2KAI3(SiO«)3. 


CHAPTER XXI 
ANALYSIS OF AN ALLOY 
ANALYSIS OF BRASS AND BRONZE 


Electrolytic Separations. — When a direct current of electricity 
passes from one electrode to another through solutions of elec- 
trolytes, the individual ions present in these solutions tend to 
move toward the electrode of opposite electrical charge to that 
which each ion bears, and to be discharged by that electrode. 
Whether or not such discharge actually occurs in the case of any 
particular ion depends upon the potential (voltage) of the cur- 
rent which is passing through the solution, since for each ion 
there is, under definite conditions, a minimum potential below 
which the discharge of the ion cannot be effected. By taking 
advantage of differences in discharge-potentials, it is possible 
to effect separations of a number of the metallic ions by elec- 
trolysis, and at the same time to deposit the metals in forms 
which admit of direct weighing. In this way the slower proce- 
dures of precipitation and filtration may frequently be avoided. 
The following paragraphs present a brief statement of the funda- 
mental principles and conditions underlying electro-analysis. 

The total energy of an electric current as it passes through 
a solution is distributed among three factors, first, its potential, 
which is measured in volts; second, current strength, which is 
measured in amperes; and third, the resistance of the conducting 
medium, which is measured in ohms. The relation between these 


three factors is expressed by Ohm’s law, namely, that J = > 


when J is current strength, E potential, and R resistance. It is 
plain that, for a constant resistance, the strength of the current 
and its potential are mutually and directly interdependent. 

As already stated, the applied electrical potential determines 
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whether or not deposition of a metal upon an electrode actually 
occurs. The current strength determines the rate of deposition 
and the physical characteristics of the deposit. The resistance 
of the solution is generally so small as to fall out of practical 
consideration. 

Electrode Potentials. — Consider a cell made up of a copper 
electrode dipping in a solution of copper sulfate one molar in 
cupric ions, and a zinc electrode dipping in a zinc sulfate solu- 
tion one molar in zinc ions. The solutions are connected by 
means of a capillary tube containing an electrolyte or are sepa- 
rated by a porous wall which permits transfer of ions from one 
solution to the other. The electrodes are connected by means 
of a wire. This cell (Daniell cell) is represented thus: 


Zan Za (rm.)) | | Curt (e-m:)*| Cu: 


A current of 1.10 volts will flow through the wire. The + to — 
direction of the current in the wire is from the copper to the 
zinc and in the solution from the zinc to the copper. 


Zn° > Znt+ + 2€ (anode) 
Cutt + 2¢€—Cu° (cathode). 


In expressing electrode potentials, the potential between 
hydrogen gas at one atmosphere pressure and a solution one 
molar in hydrogen ions is arbitrarily taken as zero and other 
potentials are based upon this standard. The molar electrode 
potential of a metal is the relative potential existing between 
the metal and a one molar solution of its ions relative to the 
molar hydrogen electrode. The molar electrode potential (Z°) 
of copper for example is measured by the E.M.F. of the cell: 


Pt | H.(z atm.), 2 H+(z m.) || Cu++(1m.) | Cu 


after making slight corrections for potentials at the liquid junc- 
tions. Its value at 25° C. is + 0.34 volt. Similarly the molar 
electrode potential of zinc is — 0.76 volt. A table of electrode 
potentials is given in the Appendix and a discussion is given on 


pages 87-93. 
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The E.M.F. of the above Daniell cell is 
E = Eq. — Eg = Ey, — EX, = +:0.34 — (— 0.76) 
= 1.10 volts. 


At concentrations other than one molar the potential of the 
copper half-cell is: 
Eo, = Eby + “52 Jog [Cut] 


and of the zinc half-cell is: 


oO. _~ 


Em a En, tea log [Zn++]. 


For example, the E.M.F. at 25° C. of the cell 


Cu | Cut+(o.0or m.) | | Zn*+(0.01r m.) | Zn 


is E = Ey, — Ex = (ago ee 228 log 0.001) 
on 





— (-0.76 = log 0.01) 


1.07 volts. 


Decomposition Potentials. — If an alloy of copper and zinc is 
dissolved in sulfuric or nitric acid and the acid solution elec- 
trolyzed between platinum electrodes, the copper plates out on 
the cathode: 

Cut+ + 2e€>Cu. 
At the anode, water is decomposed: 
H,0 >40.+2H+4+ 2€ 
As a result there is at once produced a voltaic cell of the type: 
Cu | Cut+* || 2H+, 30, | Pt. 
This cell exerts a “back E.M.F.” the value of which is given by 
the formula: 


E = Ey ~ Ex = (Ey + 5" tog [Cu+]) — (2%, 


+ “82° log [H*IIpress. O.)}) 
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and in order to continue the electrolysis, a voltage must be © 
applied at least equal to this back E.M.F. (which at concentra- 
tions of one molar is about 0.90 volt). Furthermore, a small 
additional voltage is necessary in order to overcome the ohmic 
resistance of the solution (E = IR), and in cases where polar- 
ization effects occur, the required E.M.F. must be still further 
increased. The extent of the latter so-called “overvoltage” 
depends on several factors such as the current density (amperes 
per square centimeter of electrode surface), concentration, tem- 
perature, nature of the substances liberated, and the character 
of the electrodes. The decomposition potential of an electrolyte 
is the lowest E.M.F. that must be applied in order to bring about 
continuous separation of cation and anion at the electrodes. 

As already stated, those ions in a solution of electrolytes will 
first be discharged which have the lowest decomposition poten- 
tials, and so long as these ions are present around the electrode 
in considerable concentration they, almost alone, are discharged, 
but, as their concentration diminishes, other ions whose deposi- 
tion potentials are higher but still within that of the current 
applied, will also begin to separate. For example, from a nitric 
acid solution of copper nitrate, the copper ions will first be 
reduced and discharged at the cathode, but as they diminish in 
concentration, nitrate will also be reduced forming a variety of 
products, among them ammonia, and it may happen that if the 
current is passed through for a long time, such a solution will 
become alkaline. Oxygen is liberated at the anode and escapes 
as oxygen gas. It should be noted that the changes occurring 
at the cathode are reductions, while those at the anode are 
oxidations. 

General Conditions for Electrolysis. — For analytical purposes, 
solutions of nitrates or sulfates of the metals are preferable to 
those of the chlorides, since liberated chlorine attacks the elec- 
trodes. In some cases, as, for example, that of silver, solution 
of salts forming complex ions, like that of the double cyanide of 
silver and potassium, yields better metallic deposits. 

Most metals are deposited as such upon the cathode; a few, 
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notably lead and manganese, separate in the form of dioxides 
upon the anode. It is evidently important that the deposited 
material should be so firmly adherent that it can be washed, 
dried, and weighed without loss in handling. To secure these 
conditions it is essential that the current density (that is, the 
amount of current per unit of area of the electrodes) shall not 
be too high. In prescribing analytical conditions it is customary 
to state the current strength in “normal densities” expressed in 
amperes per 100 sq. cm. of electrode surface, as, for example, 
“N.Dio = 2 amps.” 

If deposition occurs too rapidly, the deposit is likely to be 
spongy or loosely adherent and falls off on subsequent treatment. 
This places a practical limit to the current density to be em- 
ployed, for a given electrode surface. The cause of the unsatis- 
factory character of the deposit is apparently sometimes to be 
found in the coincident liberation of considerable hydrogen and 
sometimes in the failure of the rapidly deposited material to 
form a continuous adherent surface. The effect of rotating elec- 
trodes upon the character of the deposit is referred to below. 

The electrodes employed in electro-analysis are almost exclu- 
sively of platinum, since that metal alone satisfactorily resists 
chemical action of the electrolytes, and can be dried and weighed 
without change in composition. The platinum electrodes may 
be used in the form of dishes, foil, or gauze. The last, on account 
of the ease of circulation of the electrolyte, its relatively large 
surface in proportion to its weight and the readiness with which 
it can be washed and dried, is generally preferred. 

Many devices have been described by the use of which the 
electrode upon which deposition occurs can be mechanically 
rotated. This has an effect parallel to that of greatly increasing 
the electrode surface and also provides a most efficient means of 
stirring the solution. With such an apparatus the amperage may 
be increased to 5 or even 10 amperes and depositions completed 
with great rapidity and accuracy. It is desirable, whenever 
practicable, to provide a rotating or stirring device, since, for 
- example, the time consumed in the deposition of the amount of 
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copper usually found in analysis may be reduced from the 20 to 
24 hours required with stationary electrodes, and unstirred solu- 
tions, to about 30 minutes. 


DETERMINATION OF TIN IN BRONZE 


To a 0.5-gram sample of the bronze (Note 1) in a small beaker 
add 10-15 ml. of 6 N nitric acid and evaporate on a water bath 
nearly but not quite to dryness. Decant the residue of meta- 
stannic acid with three successive 20 ml. portions of hot 3 N 
nitric acid through a hardened filter paper, and then continue 
the washing by decantation with successive portions of hot 
water until the washings are free from copper. Metastannic 
acid has a tendency to run through even a hardened paper and 
the filtrate and washings must be examined carefully to make 
sure that they are perfectly clear. It is of course necessary to 
refilter if even a trace of the metastannic acid has passed through 
the paper. Save the combined filtrate and washings for the 
determination of copper and lead as in the analysis of brass 
below. Wash off thoroughly the metastannic acid from the filter 
paper into the original beaker using as small a volume of water 

as is practicable. Place the paper in a beaker, add 20 ml. of 
either ammonium sulfide or sodium sulfide solution, cover with 
a watch-glass, and warm gently for ten minutes. Pour this solu- 
tion into the beaker containing the metastannic acid and add 
75 ml. more of the sulfide reagent. Save the filter paper. Digest 
the mixture containing the sulfide solution in a covered beaker 
on the steam bath for two hours. The tin should be dissolved, 
leaving a small residue of the sulfides of copper and lead. Filter 
and wash with a 10 per cent solution of the alkali sulfide reagent, 
and finally wash with water. 

Digest the filter paper containing the residue of the sulfides 
of copper and lead (together with the filter paper from which 
the metastannic acid was dissolved) with 15 ml. of hot 3 N nitric 
acid. Filter and wash with water. Neutralize this filtrate and 
washings with ammonium hydroxide and add to the main solu- 
tion containing the copper and lead from the bronze. Ignite the 
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filters in a porcelain crucible in the regular way and add the 
resulting weight of SnO, to that obtained below. 

Dilute the sulphide solution to 500 ml., make slightly acid 
with acetic acid, cover the beaker, and allow to stand in a warm 
place over night. Decant through a filter, transfer the precipi- 
tate to the filter and wash with a 2 per cent solution of ammonium 
nitrate which has been slightly acidified with acetic acid (Note 
2). Dry and smoke off the paper in the regular way. Raise the 
temperature gradually until the sulfur has all burned off and 
then apply the full heat of the Tirrill burner. Finish the heating 
with a Meker burner or blast lamp and weigh as SnO:. Report 
the percentage of tin (Sn). 


Notes. — 1. Bronze is essentially an alloy of copper, tin, and lead; 
brass is essentially an alloy of copper, lead, and zinc; both may con- 
tain traces of iron and other elements. Brass dissolves completely in 
nitric acid; bronze leaves a residue of metastannic acid 

3 Sn + 4 HNO; “+ H.O 3 H.SnO3 + 4 NO) 

which can be filtered off and ignited to SnOz. This is the basis of the 
determination of tin in bronze although for accurate results provision 
must be made for the fact that the metastannic acid invariably contains 
small amounts of copper and lead which must be recovered. By dis- 
solving the metastannic acid in sodium sulfide or ammonium sulfide, 
a soluble thiostannate is formed (e.g. Na2SnS3) leaving insoluble CuS 
and PbS which can be dissolved in nitric acid and added to the main 
solution. By acidifying the thiostannate solution, SnSp is precipitated 
and can be ignited to and weighed as SnOz. 

2. The use of ammonium nitrate reagent as a washing solution for 
the SnS, has the advantage over water in that it hastens the complete 
combustion of the filter paper and prevents the formation of colloidal 
SnS2 which would pass through the filter paper. 


DETERMINATION OF COPPER AND LEAD IN BRONZE AND BRASS 


Procedure. — In the analysis of bronze use the filtrate (which 
should not exceed 75 ml.) from the metastannic acid determina- 
tion and proceed as described in the next paragraph. In the 
analysis of brass weigh out two portions of about 0.5 gram each 
(Note 1) into tall, slender lipless beakers of about 100 ml. capac- 
‘ ity. Dissolve the metal in a solution of 5 ml. of dilute nitric 
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acid (sp. gr. 1.20) and 5 ml. of water, heating gently, and keeping 
the beaker covered. When the sample has all dissolved, wash 
down the sides of the beaker and the bottom of the watch-glass 
with water and dilute the solution to about 50 ml. Carefully 
heat to boiling and boil for a minute or two to expel nitrous 
fumes. 

Meanwhile, four platinum electrodes, two anodes and two 
cathodes, should be cleaned by dipping in dilute nitric acid, 
washing with water and finally with 95 per cent alcohol (Note 2). 
The alcohol may be ignited and burned off. The electrodes are 
then cooled in a desiccator and weighed. Connect the electrodes 
with the binding posts (or other device for connection with the 
electric circuit) in such a way that the copper will be deposited 
upon the electrode with the larger surface, which is made the 
cathode. ‘The beaker containing the solution should then be 
raised into place from below the electrodes until the latter reach 
nearly to the bottom of the beaker. The support for the beaker 
must be so arranged that it can be easily raised or lowered. 

If the electrolytic apparatus is provided with a mechanism 
for the rotation of the electrode or stirring of the electrolyte, 
- proceed as follows: Arrange the resistance in the circuit to pro- 
vide a direct current of about one ampere. Pass this current 
through the solution to be electrolyzed, and start the rotating 
mechanism. Keep the beaker covered as completely as pos- 
sible, using a split watch-glass (or other device) to avoid loss by 
spattering. When the solution is colorless, which is usually the 
case after about 35 minutes, rinse off the cover glass, wash 
down the sides of the beaker, add about 0.30 gram of urea and 
continue the electrolysis for another five minutes (Notes 3 and 
4). 

If stationary electrodes are employed, the current strength 
should be about o.1 ampere, which may, after 12 to 15 hours, 
be increased to 0.2 ampere. The time required for complete 
deposition is usually from 20 to 24 hours. It is advisable to 
add 5 ml. of nitric acid (sp. gr. 1.2) if the electrolysis extends 
over this length of time. No urea is added in this case. 
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When the deposition of the copper appears to be complete, stop 
the rotating mechanism and slowly lower the beaker with the left 
hand, directing at the same time a stream of water from a wash- 
bottle on both electrodes. Remove the beaker, shut off the 
current, and, if necessary, complete the washing of the electrodes 
(Note 5). Rinse the electrodes cautiously with alcohol and heat 
them in a hot closet until the alcohol has just evaporated, but no 
longer, since the copper is likely to oxidize at the higher temper- 
ature. (The alcohol may be removed by ignition if care is taken 
to keep the electrodes in motion in the air so that the copper 
deposit is not too strongly heated at any one point.) 

Test the solution in the beaker for copper as follows, remem- 
bering that it is to be used for subsequent determinations of iron 
and zinc: Remove about 5 ml. and add a slight excess of ammonia. 
Compare the mixture with some distilled water, holding both 
above a white surface. The solution should not show any tinge 
of blue. If the presence of copper is indicated, add the test 
portion to the main solution, evaporate the whole to a volume 
of about 100 ml. and again electrolyze with clean electrodes 
(Note 6). 

After cooling the electrodes in a desiccator, weigh them and 
from the weight of copper on the cathode and of lead dioxide 
(PbO) on the anode, calculate the percentage of copper (Cu) 
and of lead (Pb) in the brass. 

Notes. — 1. It is obvious that the brass taken for analysis should be 
untarnished, which can be easily assured, when wire is used, by scour- 
ing with emery. If chips or borings are used, they should be well mixed, 
and the sample for analysis taken from different parts of the mixture. 

2. The electrodes should be freed from all greasy matter before using, 
and those portions upon which the metal will deposit should not be 
touched with the fingers after cleaning. 

3. Of the ions in solution, the H+, Cu*+, Zn*+, and Fet++ ions tend 
to move toward the cathode. The NO;- ions and the lead, probably 
in the form of PbO:-~ ions, move toward the anode. At the cathode 
the Cu*t ions are discharged and plate out as metallic copper. This 
alone occurs while the solution is relatively concentrated. Later on, 


H* ions are also discharged. In the presence of considerable quanti- 
ties of H* ions, as in this acid solution, no Zn*++ or Fe++ ions are dis- 
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charged because of their greater decomposition potentials. At the anode 
the lead is deposited as PbO» and oxygen is evolved. 

For the reasons stated on page 265 care must be taken that the 
solution does not become alkaline if the electrolysis is long continued. 

4. Urea reacts with nitrous acid, which may be formed in the solu- 
tion as a result of the reducing action of the liberated hydrogen. Its 
removal promotes the complete precipitation of the copper. The re- 
action is 

CO(NH2)s + 2 HNO, = COz + 2 No + 3 H,0. 


5. The electrodes must be washed nearly or quite free from the 
nitric acid solution before the circuit is broken to prevent re-solution 
of the copper. 

If several solutions are connected in the same circuit, it is obvious that 
some device must be used to close the circuit as soon as the beaker is 
removed. 

6. The electrodes upon which the copper has been deposited may 
be cleaned by immersion in warm nitric acid. To remove the lead 
dioxide, add a few crystals of oxalic acid to the nitric acid. 


DETERMINATION OF IRON 


Most brasses and bronzes contain small percentages of iron 

(usually not over 0.1 per cent) which, unless removed, is pre- 
-cipitated as phosphate and weighed with the zinc. 

Procedure. — To the solution from the precipitation of copper 
and lead by electrolysis, add dilute ammonia (sp. gr. 0.96) until 
the precipitate of zinc hydroxide which first forms redissolves, 
leaving only a slight red precipitate of ferric hydroxide. Filter 
off the iron precipitate, using a washed filter, and wash five 
times with hot water. Test a portion of the last washing with a 
dilute solution of ammonium sulfide to assure complete removal 
of the zinc. 

The precipitate may then be ignited and weighed as ferric 
oxide, as described on page 210. 

Calculate the percentage of iron (Fe) in the brass. 


DETERMINATION OF ZINC 


Procedure. — Acidify the filtrate from the iron determination 
with dilute nitric acid. Concentrate it to 150 ml. Add to the 
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cold solution dilute ammonia (sp. gr. 0.96) cautiously until it 
barely smells of ammonia; then add a drop of methyl red or 
methyl orange and from a dropper add dilute nitric acid until 
the solution just changes to pink (Note 1). It is important that 
this point should not be overstepped. Heat the solution nearly 
to boiling and pour into it slowly a filtered solution of di-am- 
monium hydrogen phosphate (Note 2) containing a weight of the 
phosphate about twelve times that of the zinc to be precipitated. 
(For this calculation the approximate percentage of zinc is that 
found by subtracting the sum of the percentages of the copper, 
lead, and iron from 100 per cent.) Keep the solution just below 
boiling for fifteen minutes, stirring frequently (Note 3). If at 
the end of this time the amorphous precipitate has become 
crystalline, allow the solution to cool for about four hours, 
although a longer time does no harm (Note 4), and filter upon an 
asbestos filter in a porcelain Gooch crucible. The filter is pre- 
pared as described on page 201, and should be dried to constant 
weight at 105° C. 

Wash the precipitate thoroughly with a warm 1 per cent solu- 
tion of the di-ammonium phosphate, and then five times with 
50 per cent alcohol (Note 5). Dry the crucible and precipitate 
for an hour at 105° C., and finally to constant weight (Note 6). 
The filtrate should be made alkaline with ammonia and tested for 
zinc with a few drops of ammonium sulfide, allowing it to stand 
(Notes 7 and 8). 

From the weight of the zinc ammonium phosphate (ZnNH-- . 
PO,) calculate the percentage of the zinc (Zn) in the brass. 


Notes. — 1. The zinc ammonium phosphate is soluble both in acids 
and in ammonia. It is, therefore, necessary to precipitate the zinc in 
a nearly neutral solution. 

2. The ammonium phosphate which is commonly obtainable contains 
some mono-ammonium salt, and this is not satisfactory as a precipitant. 
It is advisable, therefore, to weigh the amount of the salt required, 
dissolve it in a small volume of water, add a drop of phenolphthalein 
solution, and finally add dilute ammonium hydroxide solution cau- 
tiously until the solution just becomes pink, but do not add an excess. 

3. The precipitate which first forms is amorphous, and may have a 
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variable composition. On standing it becomes crystalline and then has 
the composition ZnNH,PO,. The precipitate then settles rapidly and 
is apt to occasion “bumping” if the solution is heated to boiling. Stirring 
promotes the crystallization. 

4. Ina carefully neutralized solution containing a considerable excess 
of the precipitant, and also ammonium salts, the separation of the zinc 
is complete after standing four hours. The ionic changes connected 
with the precipitation of the zinc as zinc ammonium phosphate are 
similar to those described for magnesium ammonium phosphate, 
except that the zinc precipitate is soluble in an excess of ammonium 
hydroxide, probably as a result of the formation of complex ions of 
the general character Zn(NHs3)4*+. 

s. The precipitate is washed first with a dilute solution of the phos- 
phate to prevent a slight decomposition of the precipitate (as a result 
of hydrolysis) if hot water alone is used. The alcohol is added to the 
final wash-water to promote the subsequent drying. 

6. The precipitate may be ignited and weighed as Zn2P20;, by cau- 
tiously heating the porcelain Gooch crucible within a nickel or iron cru- 
cible, used as a radiator. The heating must be very slow at first, as the 
escaping ammonia may reduce the precipitate if it is heated too quickly. 

7. If the ammonium sulfide produced a distinct precipitate, this 
should be collected on a small filter, dissolved in a few milliliters of 
dilute nitric acid, and the zinc reprecipitated as phosphate, filtered off, 
dried, and weighed, and the weight added to that of the main precipitate. 

8. It has been found that some samples of asbestos are acted upon 
by the phosphate solution and lose weight. An error from this source 
may be avoided by determining the weight of the crucible and filter 
after weighing the precipitate. For this purpose the precipitate may 
be dissolved in dilute nitric acid, the asbestos washed thoroughly, and 
the crucible reweighed. 


STOICHIOMETRY 


Faraday’s law expresses the relation between current strength 
and the quantities of the decomposition products which, under 
constant conditions, appear at the electrodes. It states that a 
given quantity of electricity acting for a given time causes the 
separation of chemically equivalent quantities of the various 
elements or radicals. It has been found by experiment that the 
passage of 96,500 coulombs ( = 1 faraday) of electricity causes 
the separation of one gram-equivalent of substance at each 
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electrode. A coulomb is an ampere-second (i.e. number of 
coulombs = number of amperes X number of seconds). 
96,500 coulombs will therefore liberate 


Ag = 107.88 grams of silver from a solution of silver salt; 
# = 27.92 grams of iron from a solution of ferrous salt; 
= = 18.61 grams of iron from a solution of ferric salt. 


The above reactions may be expressed by equations, as 
follows: 
Agt + «€— Ag 
Fett + 2€—Fe 
Fet'* +-3¢— Fe 
where the symbol ¢ represents the electron, or unit of negative 
electricity. If the equations are considered as representing 
gram-atomic or gram-molecular ratios, then the symbol represents 
the faraday. That is, one, two, and three faradays are required 
to deposit a gram-atomic weight of metal from a solution of silver 
salt, ferrous salt, and ferric salt respectively. 
Faraday’s law applies to each electrode. A current of one 
ampere flowing for 96,500 seconds through a solution of copper 


sulfate is not only capable of depositing = = 31.79 grams of 


copper at the cathode, but at the same time will liberate es 
2 


8.000 grams of oxygen at the anode: 
(cathode) Cu++ + 2€—> Cu 
(anode) HO — 2¢>2H++0),. 


Example I. — How many grams of copper will be deposited at 
the cathode and how many milliliters of oxygen (measured 
under standard conditions) will be liberated at the anode by the 
passage of a current of 4 amperes for 30 minutes through a solu- 


tion of copper sulfate, assuming no other reactions to take place 
_ at the cathode? 
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Solution. — Number of coulombs = 4 X 30 X 60 = 7200. 
Number of faradays = 322%. 


One faraday will liberate a = 31.79 grams of copper at the 
cathode from a cupric solution. 
One faraday will also liberate S = 8.000 grams = } mole = 


% X 22,400 = 5600 ml. of oxygen at the anode. 

Sees K 31-79 = 2.372 grams Cu. Ans. 

200, X 5600 = 417.8 ml. Oo. Ans. 

In the above calculations it is assumed that all of the current 
is applied to the decomposition of the substance in question; that 
is, that the current efficiency is 100 per cent. In an actual analysis 
this is not usually the case. The electrolysis of an acid solution 
of a copper salt will not only cause the deposition of copper at the 
cathode, but as the concentration of the copper diminishes, 
hydrogen is liberated in increasing amounts at the cathode. But 
in such cases the swm of the weights of the products discharged 
at each electrode exactly fulfills the requirements of Faraday’s 
law. That is, in the copper electrolysis, for each faraday of 
electricity passed, the number of gram-equivalents of copper 
deposited added to the number of gram-equivalents of hydrogen 
liberated is unity. 





Example II. — If it takes 18 minutes for a current of 3 ampere 
to deposit 0.5000 gram of metallic silver from a nitric acid solution 
of silver nitrate, what is the current efficiency for this deposition? 


Solution. — Weight of Ag deposited under 100 per cent 
current yield = 
18 X 60 X 3. Ag 


96500 er 0.6039 gram 
Actual deposition = 0.5000 gram , 
0.5000 


ea S100, 102-705. Ais. 


In the electrolysis of a solution of brass, the solution contains 
the ions of copper, lead, and zinc, together with the ions of the 
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acid used to dissolve the alloy. At the start of the electrolysis 
copper is deposited at the cathode and lead dioxide at the anode: 

(cathode) Cut + 2€—>Cu 

(anode) Pb++ + 2H.,0 — 2¢«— PbO, + 4 Ht. (A) 
From these equations it is evident that the passage of one faraday 
(assuming 100% current efficiency) results in (1) the deposition 
of + mole ( = 31.79 grams) of copper at the cathode; (2) the 
deposition of 4 mole ( = 119.6 grams) of lead dioxide at the 
anode; (3) the liberation of no gas; and (4) an increase in acidity 
of 2 gram-equivalents. 

In brass the amount of lead is present in relatively small 
amounts. After it has been removed from solution the reactions 
at the electrodes are as follows: 

(cathode) Cutt + 2e—Cu 

(anode) H.O — 2e > 2H++40s.. (B) 
From these equations it is evident that the passage of one faraday 
now results in (1) the deposition of 4 mole of copper at the 
cathode; (2) the liberation of 4 mole ( = 5600 ml. under stand- 
ard conditions) of gas at the anode; and (3) an increase in acidity 
of 1 gram-equivalent. 

After the copper has been a from solution the reactions 
at the electrodes are: 

(cathode) 2H++2e—H, 

(anode) H.O — 2e >2H++40,. (C) 
From these equations it is evident that the passage of one faraday 
now results in (1) the liberation of 4 mole of hydrogen at the 
cathode and 4 mole of oxygen at the anode, or a total of 3 mole 
of gas; and (2) no net change in acidity. 

Under these conditions zinc cannot deposit from the solution 
even under continued electrolysis since the solution remains 
constantly acid, but if nitric acid is present there is invariably a 
reduction at the cathode of the nitrate radical to form various 
reduction products, notably ammonium ions: 

(cathode) NO;- + 8e€ + 10 H+ > NH,+ + 3 H.O 
(anode) 4H,0 —-8e—-8H++20,. (D) 
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In this case the passage of one faraday results in (1) the libera- - 
tion of ¢ mole of oxygen at the anode; and (2) a net decrease of 
- $ gram-equivalent in acidity (7.e. 8 faradays cause a decrease 
of 10 H+ at the cathode and an increase of 8 H+ at the anode). 
Continued electrolysis in this case may result in complete neutral- 
ization of the acid, after which zinc will begin to deposit. 


Example III. — Given a solution which is 39 molar in cupric 
salt, zto molar in lead salt, and 0.500 normal in acid. It is 
electrolyzed with a current of 2 amperes and the volume of the 
solution is kept constant at 100 ml. Assuming 100% current 
efficiency, calculate (a) the acid normality of the solution when all 
of the lead has just been deposited; (b) the acid normality of the 
solution after all of the copper has just been deposited; (c) the 
acid normality of the solution after the current has been con- 
tinued for 10 minutes longer; (d) the total volume of gas liber- 
ated during the entire electrolysis. 


Solution. — Increase in acidity during the deposition of sto 
mole of PbO 
= abo X 4 = 0.020 gram-equivalent of H+ (see A above) 
= 0.020 gram-equivalent per 100 ml. = 0.200 gram-equiva- 
lent per liter 

Acid normality = 0.500 + 0.200 =0.700N. Ans. 

Moles Cu deposited during the PbO: deposition = so 

Moles Cu remaining = zo 

Increase in acidity during the deposition of $s moles of Cu 
= zy X 2 = 0.030 gram-equivalent (see B) 
= 0.300 gram-equivalent per liter 

Acid normality = 0.700 + 0.300 = 1.000 N. = Ans. 

Change in acidity when the current is continued for 10 minutes 
= 0 (see C) 

Acid normality = 1.000 N. = Ans. 

Gas evolved during PbO, deposition = o (see A) 

Gas evolved during remaining Cu deposition = zo X 3 = 
zea mole (see B) 
= q3o X 22,400 = 168 ml. 
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Gas evolved during the 10-minute continuation of the current 


TO) OO™ x2 8 
ae Pn a4 - = 
g6500 4 
0.00933 X 22,400 = 209 ml. 
Total ml. = 168 + 209 = 377 ml. Ans. 


0.00933 mole (see C) 


PROBLEMS 


227. If in the analysis of a brass containing 28.00% zinc an error is made 
in weighing a 2.5-gram portion by which o.cor gram too much is weighed 
out, what percentage error in the zinc determination would result? What 
volume of a solution of sodium hydrogen phosphate, containing 90 grams 
of NasHPO, + 12 H:0 per liter, would be required to precipitate the zinc as 
ZnNH4PO, and what weight of precipitate would be obtained? 


Answer: (a) 0.04% error; (6) 39.97 ml.;  (¢) 1.909 grams. 
228. 2.62 milliliters of nitric acid (sp. gr. 1.42 containing 69.80% HNO; 
by weight) are required to just dissolve a sample of brass containing 69.27% 
Cu; 0.05% Pb; 0.07% Fe; and 30.61% Zn. Assuming the acid used as 


oxidizing agent was reduced to NO in every case, calculate the weight of 
the brass and the milliliters of acid used as acid. 


Answer: 0.992 gram; 1.97 ml. 


229. How many milliliters of HNOs (sp. gr. 1.13 containing 21.0% HNOs 
by weight) are required to dissolve 5 grams of brass, containing 0.61% Pb, 
24.39% Zn, and 75% Cu, assuming reduction of the nitric acid to NO by each 
constituent? What fraction of this volume of acid is used for oxidation? 


Answer: 55.06 ml.; 25%. 


230. What weight of metallic copper will be deposited from a cupric 
salt solution by a current of 1.5 amperes during a period of 45 minutes, 
assuming 100% current efficiency? Answer: 1.335 grams. 


231. In the electrolysis of a 0.8000-gram sample of brass, there is ob- 
tained 0.0030 gram of PbOs, and a deposit of metallic copper exactly equal 
in weight to the ignited precipitate of Zn2P,0, subsequently obtained from 
the solution. What is the percentage composition of the brass? 


Answer: 69.75% Cu; 29.92% Zn; 0.33% Pb. 


232. A sample of brass (68.90% Cu, 1.10% Pb, and 30.00% Zn) weigh- 
ing 0.9400 gram is dissolved in nitric acid. The lead is determined by weigh- 
ing as PbSOu, the copper by electrolysis and the zinc by precipitation with 
(NH4)2HPO, in a neutral solution. 
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(a) Calculate the milliliters of nitric acid (sp. gr. 1.42 containing 69.90% - 
HNOs by weight) required to just dissolve the brass, assuming reduction 
to NO. ; 

(b) Calculate the milliliters of sulfuric acid (sp. gr. 1.84 containing 94% 
H.SO, by weight) to displace the nitric acid. 

(c) Calculate the weight of PbSOx. 

(d) The clean electrode weighs 10.9640 grams. Calculate the weight after 
the copper has been deposited. 

(e) Calculate the grams of (NH4)sHPO, required to precipitate the zinc 
as ZnNH4PO,. 

(f) Calculate the weight of ignited Zn2P.O;. 


Answer: (a) 2.48 ml.; (6) 0.83 ml.; (c) 0.o1s2 gram; (d) 11.6116 
grams; (¢) 0.5705 gram; (f) 0.6573 gram. 
233. How many milligrams of silver can be deposited from solution in 


23 minutes by a current of 0.7 ampere at 100% current efficiency? How 
long would it take for the same current to deposit the same weight of nickel? 


Answer: 1080 mgs.; 84.3 min. 


234. What current efficiency was applied to the deposition of platinum 
from a solution of chlorplatinate if 0.200 gram of the metal was deposited 
in 5 minutes with a current of 17 amperes? Answer: 7.75%. 


235. What weight of CuSO, + 5 HO must be dissolved in water so that after 
complete deposition of the copper by electrolysis, a solution will be obtained 


N 
which is equivalent to 100 ml. of ee acid? Answer: 1.249 grams. 


236. Pure crystals of CuSO, + 5 H2O are dissolved in water and the solution 
is electrolyzed with an average current of 0.60 ampere. The electrolysis is 
continued for 5 minutes after all the copper has been deposited and it is 
found that a total volume of 62.5 ml. of gas when measured dry at 18° C. 
and 745 mm. pressure has been evolved. What weight of crystals was taken 
for electrolysis? (Assume all the copper is deposited before hydrogen is 


N 
evolved.) How many milliliters of es NaOH will the resulting solution neu: 


tralize? Answer: 0.600 gram; 48.1 ml. 


237. A sample of alloy (Cu-Pb-Zn) weighing 1.200 gram is dissolved in 
acid and electrolyzed with a current of 0.900 ampere. The cathode gains 
0.6357 gram and the anode gains 0.240 gram. Compute the time theo- 
retically required to deposit all of the copper, the volume of gas (measured 
under standard conditions) evolved during this time, and the gain in acidity 
in terms of milliequivalents of hydrogen ion. Compute also the percentage 
of zinc in the brass. Answer: 35.7 min.; 100.8ml.; 22.0me.; 29.8%. 
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238. What E.M.F. can be obtained from the cell: 
Cu | Cu++(0.1 molar) || Ag*(o.or molar) | Ag. 
In which direction does the positive current flow through the solution? 
Answer:.0.267 volt; left to right. 


239. A pure alloy of copper-zinc is dissolved in acid and electrolyzed 
with 0.500 ampere (100% current efficiency). It is found that just 40 min-_ 
utes are required to deposit all of the copper. From the filtrate the zinc 
is precipitated as in the regulation method and the ignited precipitate weighs 
0.245 gram. Calculate (a) the grams of copper deposited; (0) the percentage 
of copper in the alloy; (c) the volume of gas liberated (standard conditions) 
during the 40-minute electrolysis; (d) the gain in acid normality of the 
solution assuming the volume to be kept constant at 500 ml. 

Answer: (a) 0.395 gram; (0) 79.0%; (c) 69.7 ml.; (d) 0.0248. 

240. A solution of brass in HNO; contains 1.10 grams of copper, 0.50 gram 
of Zn; 0.30 gram of Pb, and is 2 N inacid. The solution is electrolyzed under 
1} amperes and the volume is kept at 100 ml. If the electrolysis is continued 
20 minutes after the copper is all deposited, what is the normality of the 
solution as an acid? Assume that 40% of the current goes to the reduction 
of nitrate to ammonium ions. Answer: 2.355 N. 


241. A solution containing ;45 mole Cu**, <4, mole Pbt*, and 54, mole 
Zn**, is also 2 normal in acid. It is electrolyzed with an average current 
of 2 amperes and the volume of the solution is kept at too ml. Assuming 
100% efficiency, what is the acid normality of the solution when all of the 
lead is just out? What volume of gas (standard conditions) has been liberated 
at this point? What is the acid normality of the solution when all of the 
copper is just out? What total volume of gas has been liberated at this 
point? What is the acid normality of the solution after the current is con- 
tinued for 10 minutes longer? What is the total volume of gas which has 
been liberated during the entire electrolysis? 


Answer: 2.08N; oml.; 2.24N; 89.6 ml.; 2.24.N; 299 ml. 


APPENDIX 


APPENDIX 
SAMPLE PAGES FOR LABORATORY RECORDS 
Page A 


CALIBRATION OF BuRET No. 


Temp. water = 25° (d. = 0.997) 























DIFFERENCE 
O T CALCULA oT 
Rane a Aouie: eae DINFERENCE Vor Cone ace reece 
0.02 16.27 
10.12 10.10 26.3 10.08 10.11 Or aor 
20.09 9-97 36.20 9-91 9-94 OS — .02 
30.16 10.07 46.34 10.08 10.11 + .04 + .02 
40.19 10.03 56.31 9.97 10.00 sig) =O 
50.00 9.81 66.17 9.86 9.89 + .08 + .07 
These data to be obtained in duplicate for each buret. 
Page B 
Dates. sisioson canter 
DETERMINATION OF COMPARATIVE STRENGTH HCl vs. NaOH 
DETERMINATION I II 
Corrected Corrected 
Binal’ Readingtit Clinica 48.02 48.08 43.12 43-14 
Initial Readings HCl... «5.22... 0.12 12 17 a7; 
47-90 42.97 
; p Corrected Corrected 
Final Reading NaOH........... 46.24 46.29 40.39 40.38 
Initial Reading NaOH.......... e725 1.75 50 .50 
44.54 39.88 
logan NaOH vie. c. ese 1.6488 1.6008 
cologmlshiCltacny.. ee 8.3192 — I0 8.3668 — 10 
9.9680 — 10 9.9676 — Io 
arial SEN leet ra ceases erage .9290 ml. NaOH .9282 ml. NaOH 
Meant ic atiastc heme .9286 
SS ———rl])])0 0 oeS$MoeqoqoOOS— 
Signed 3.aacaeeecnne 
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Page C 


STANDARDIZATION OF Hyprocutoric ACID 
nT $Y 





Weight sample and tube......... 9-1793 8.1731 
8.1731 6.9187 
Weight sample..2+-....... 1.0062 1.2544 
Final Reading HCl............. 39.84 39.83 49.70 49.77 
Initial ReadinesiGl 20) mae .0O .00 .04 .04 
39.83 49-73 
Final Reading NaOH........... 26 .26 .67 .67 
Initial Reading NaOH.......... “52 12 236 36 
14 ii 
Correctedsml tH Clweree neers 14 31 
39.83 — ae 39:68 | 49.73 — ice 
logssamplenacncten sok stor 0.0025 0.0983 
COLOGEM le ere ae ae 8.4014 — 10 8.3063 — 10 
colog milliequivalent NazCO3 1.2757 1.2757 
9.6796 — 10 9.6803 — Io 
Normal value HCl.......... 4782 .4789 
Meant pewcae strates eae e .4786 
OOo 
Sipnedines. ccc ner 
Page D 
Daten tesiaics ss eusvrevertace 


DETERMINATION OF CHLORINE IN CHLORIDE, SAMPLE No. 








Weight sample and tube......... 16.1721 15.9976 
15.9976 15.7117 
Weightisample. ja... - 1745 .2859 
Weight crucible + precipitate... . 14.4496 15.6915 
Constant weights........... 14.4487 15.6915 
14.4485 
Weighticruciblens.1,. «ee «s 14.2216 15.3196 
Constant weight.7,....6 2.0. 14.2216 15.3194 
Weight Ar Cline avec semiae .2269 3721 
OPEC eer neti nee ates cic sesevermiane 1.5497 1.5407 
log weight Arle. co... -e.- 9.3558 — 10 9.5706 — Io 
MOP ET OOS a Tae Beech ioieieie cies 2.0000 2.0000 
CologeAc Clem erisiec.ciscine.sc is 7.8438 — I0 7.8438 — 10 
Cologisampleseenemicnses . os e5 0.7583 0.5438 
: 1.5076 1.5079 
GliintsamplewNowmeeerea sae 32.18% 32.21% 


REAGENTS 


The concentrations of reagents listed below are those suggested for use 
in the procedures described in this manual. 


SOLUTIONS 


Acetic Acid, Glacial. 

Acetic Acid, 6 N. Dilute 350 ml. glacial acetic acid with water to 1 liter. 

Alcohol, 95%. 

Ammonium Hydroxide, Concentrated, 15 N. Sp. gr. 0.90; contains approx- 
imately 28% NHs by weight. 

Ammonium Hydroxide, 6 N. Sp. gr. 0.96; contains approximately 10% NHs 
by weight. Add 3 volumes of water to 2 volumes concd. NH,OH. 

Ammonium Molybdate. Dissolve 70 grams of (NH4)2MoO, (or 52 grams 
of MoOs) in a mixture of 53 ml. concd. NH,OH and 267 ml. water. When 
dissolved, pour into a mixture of 267 ml. concd. HNO; and 400 ml. water. 
Then add with rapid stirring 0.033 gram NaNHsHPO,-4 H.O. Let stand 
at least twenty-four hours and filter off the yellow precipitate. 

Ammonium Nitrate Wash-Water (for PO, determination). Dissolve 100 
grams NH,NO; in a mixture of 200 ml. concd. HNO; and 800 ml. water. 

Ammonium Oxalate, 0.5 N. Dissolve 35 grams (NH,)2C.0.:H.O in water 
and dilute to 1 liter. 

Ammonium Sulfide, 6 N. Saturate 200 ml. concd. NH.OH with H,S, add 
200 ml. more of concd. NH.OH and dilute with water to 1 liter. 

Barium Chloride, 0.2 N. Dissolve 20 grams BaCl,-2 H.O in water and 
dilute to x liter. 

Bromine Water. Saturated aqueous solution. 

Bromine-Hydrochloric Acid Solution. Concd. HCl saturated with liquid 
bromine. 

Di-sodium Phosphate, 1 N. Dissolve 120 grams Na2HPO,:12 H,O in water 
and dilute to 1 liter. 

Ether. 

Ferric Alum Indicator. Dissolve too grams of ferric alum in a boiling mix- 
ture of 200 ml. 6 N HNO; and 800 ml. water. 

Hydrochloric Acid, Concentrated, 12 N. Sp. gr. 1.20; contains approximately 
39% HCl by weight. 

Hydrochloric Acid, 6 N. Sp. gr. 1.12; contains approximately 24% HCl by 
weight. Add 500 ml. concd. HCl to soo ml. water. 

Hydrofluoric Acid. 48% solution. 

284 


APPENDIX 285 


Magnesium Chloride Reagent, 1 N. Dissolve 100 grams MgCl.:6 HO and 
iro grams NH,Cl in a mixture of 50 ml. concd. NH.OH and water and 
dilute with water to 1 liter. 

Manganese Sulfate Titrating Solution. Dissolve 67 grams MnSO,-4 H.O 

- in a mixture made by pouring 138 ml. 85% H3PO, and 130 ml. concd. 
H2SO, into 500 ml. cold water, and dilute with water to 1 liter. 

Mercuric Chloride, 0.2 N. Dissolve 25 grams HgCl. in water and dilute to 
1 liter. 

Methyl Orange Indicator. Dissolve 1 gram of methyl orange powder in 
1 liter of water. 

Nitric Acid, Concentrated, 16 N. Sp. gr. 1.42; contains approximately 70% 
HNO; by weight. 

Nitric Acid, 6 N. Sp. gr. 1.20; contains approximately 32% HNO; by 
weight. Dilute 380 ml. concd. HNO; with water to 1 liter. 

Phenolphthalein Indicator. Dissolve 10 grams of phenolphthalein powder 
in a mixture of 900 ml. reagent alcohol and 100 ml. water. 

Silver Nitrate, 0.1 N. Dissolve 17 grams AgNOs; in water and dilute to 
1 liter. 

Silver Sulfate. Saturated aqueous solution. 

Sodium Hydroxide, 6 N. Dissolve 250 grams NaOH in water and dilute to 
1 liter. 

Stannous Chloride, 1 N. Dissolve 115 grams SnCl.-2 H,O in a mixture of 
170 ml. concd. HCl and water and dilute with water to 1 liter. 

‘Sulfuric Acid, Concentrated, 36 N. Sp. gr. 1.84; contains approximately 
03% H:2SO, by weight. 

Sulfuric Acid, Concentrated, Commercial. For cleaning solution. 

Sulfuric Acid, 6 N. Sp. gr. 1.18; contains approximately 2 5% HSOs, by 
weight. Pour slowly 167 ml. concd. H2SO, into 700 ml. cold water and 
dilute to 1 liter. 

Sulfurous Acid. Saturate aqueous solution of SO2. 


SOLIDS 
(Substances marked “standard ” are used for standardizations and should 
be of the highest degree of purity obtainable.) 


Aluminum (strips), Al. 

Ammonium Chloride, NH,.Cl. 

Ammonium Nitrate, NH,NOs. 

Arsenious Oxide (standard), As20s, 
Ascarite. 

Calcium Chloride (for desiccators), CaCle. 
Calcium Chloride (for drying tubes), CaCl. 
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Copper (standard), Cu. 

Di-ammonium Phosphate, (NH.)2sHPOs. 

Ferrous Ammonium Sulfate, FeSO.: (NH,)2SO.°6 H.0. 
Ferrous Sulfate, FeSO4-7 H.0. 

Iodine, Io. 

Oxalic Acid, H2,C.O4-2 H,0. 

Potassium Acid Phthalate (standard), KHCsH40.. 
Potassium Bichromate, K2Cr20;. 

Potassium Bisulfate, KHSOu. 

Potassium Bromate (standard), KBrOs. 
Potassium Chloride, KCl. 

Potassium Ferricyanide, K;Fe(CN)<. 

Potassium Iodide, KI. 

Potassium Permanganate, KMnO.,. 

Soda Lime. 

Sodium Acetate, NaC2H;O>. 

Sodium Bicarbonate, NaHCOs. 

Sodium Bichromate (technical), NasCr20,-2 H,O. 
Sodium Hydroxide, NaOH. 

Sodium Oxalate (standard), Na2C20.. 

Sodium Peroxide, Na2Oz. 

Sodium Thiosulfate, Na2S.O3-5 H.O. 

Silver Nitrate (standard), AgNOs. 

Starch (soluble). 

Tartaric Acid, H2C4H.Og. 

Trisodium Phosphate, Na3PO,:12 H.O. 

Urea, CO(NH2)2. 

Zinc, Zn. 


DENSITIES AND VOLUMES OF WATER AT TEMPERATURES 
FROM 15-30° C. 








TEMPERATURE CENTIGRADE DENSITY VOLUME 

AS 1.000000 I.000000 
£5. 0.999126 1.000874 
16° 0.998970 1.001031 
17° 0.998801 1.001200 
18° 0.998622 1.001380 
19° 0.998432 1.001571 
20° 0.998230 1.001773 
oT 0.998019 I.001985 
22° 0.997797 1.002208 
23 | 0.997565 I.002441 
24 . 0.997323 1.002685 
25 0.997071 1.002938 
26° 0.996810 1.003 201 
27° 0.996539 1.003473 
28° 0.996259 1.003755 
29° 0.995971 1.004046 
30° 0.995673 1.004346 


' Authority: Landolt, Bornstein, and Meyerhoffer’s Tabellen, third edition. 


SPECIFIC OXIDATION POTENTIALS 
(Molar Electrode Potentials) 








(= BF) 
REACTION Ee 
K=Kt+e — 2.922 
Sr = Srtt + 2e€ — 2.92 
Ba = Batt + 2€ — 2.90 
Ca. ='Catt -|-'2 € 2.07 
Na = Nat+e — 2.713 
Mg = Mg** + 2€ — 2.40 
Al = Al*** + 3€ anced 
Mn = Mnt + 2€ aeeteL 
Zn = Zn*++ + 2€ — 0.755 
S-=S+2e — 0.51 
Fe = Fet* + 2€ — 0.441 


Cd = Cd** + 2€ — 0.398 
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SPECIFIC OXIDATION POTENTIALS (Continued) 
(Molar Electrode Potentials) 








(=£") 

REACTION 2 
Co = Cot + 2€ — 0.92 
Ni = Nit + 2€ —O;22 
Sn = Snt+ + 2€ Onna O 
Pb = Pb** + 2e€ — 0.122 
Fe = Fet** +3 € — 0.045 
H, = 2Ht+ 2€ 0.000 
Snt+ = Snt+t++ + 2¢ + 0.13 
Cut = Cut* + Fiery 
Bi = Bit + 3¢€ + 0.2 
2 Hg + 2Cl-(1 molar) = Hg2Cl, + 2€ + 0.285 

(calomel electrode) 

As = Ast+* + 3€ + 0.29 
Cu = Cutt + 2€ + 0.344 
Fe(CN)é = Fe(CN)é + € + 0.49 
Cu = Cut+e + 0.51 
2I-=I13;+2€ + 0.535 
MnO = MnO; + ¢€ + 0.66 
H,O,. = O. + 2H*+ 2€ + 0.68 
CeH.(OH)> = CsH.O2 +2 Ht + 2€ + 0.700 
(hydroquinone) (quinone) 
MnO, + 4OH- = MnO-¢ + 2H.0 + 2€ + 0.71 
Fet* = Fet** + € ; + 0.747 
Ag = Agt+e + 0.799 
Hg = Hg** + 2€ + 0.86 
2Br- = Br. + 2€ : + 1.065 
2 Crt++ + 7 H.0 = Cr.0;- + 14 Ht + 6€ “+ 1.3 
Mn*t + 2H.O = MnO. + 4Ht + 2€ + 1.33 
2Cl =Ch+2€ + 1.359 
Pb** + 2H.O = PbO. + 4 H+ + 2€ + 1.44 
Cet*++ = Cet + ¢€ + 1.45 
Au = Aut +e +15 
Mntt + 4H.O = MnO, + 8Ht+-+ se + 1.52 
MnO, + 2H.O = MnO; + 4 H+ + 3€ + 1.63 
PbSO, + 2 H,0 = PbO. + 4 Ht + SO + 2€ + T7 
2H,O = H.0. + 2H*++ 2¢€ + 2.78 


2F-=F,+2€ + 2.8 
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INTERNATIONAL ATOMIC WEIGHTS 









Aluminum 
Antimony 
Argon 
Arsenic 
Barium 
Beryllium 
Bismuth 
Boron 
Bromine 
Cadmium 
Calcium 
Carbon 
Cerium 
Cesium 
Chlorine 
Chromium 
Cobalt 
Columbium 
Copper 
Dysprosium 
Erbium 
Europium 
- Fluorine 
Gadolinium 
Gallium 
Germanium 
Gold 
Hafnium 
Helium 
Holmium — 
Hydrogen 
Indium 
Iodine 
Iridium 
Iron 
Krypton 
Lanthanum 
Lead 
Lithium 
Lutecium 
Magnesium 
Manganese 
Mercury 


ATOMIC 
SYMBOL NumBer| WEIGHT 





Atomic 


Molybdenum 
Neodymium 
Neon 
Nickel 
Nitrogen 
Osmium 
Oxygen 
Palladium 
Phosphorus 
Platinum 
Potassium 


Praseodymium 


Protactinium 
Radium 
Radon 
Rhenium 
Rhodium 
Rubidium 
Ruthenium 
Samarium 
Scandium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Sulfur 
Tantalum 
Tellurium ° 
Terbium 
Thallium 
Thorium 
Thulium 
Tin 
Titanium 
Tungsten 
Uranium 
Vanadium 
Xenon 
Ytterbium 
Yttrium 
Zinc 
Zirconium 
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Pr 

Pa 
Ra 
Rn 
Re 
Rh 
Rb 
Ru 


Sc 


Sracor| route 








ATOMIC 
WEIGHT 


96.0 
144.27 
20.183 
58.69 
14.008 
IQI.5 
16.0000 
106.7 
31.02 
195-23 
39.096 
140.92 
231 
226.05 
222 
186.31 
102.91 
85.44 
101.7 
150.43 
45.10 
78.96 
28.06 
107.880 
22.997 
87.63 
32.06 
180.88 
127.61 
159.2 
204.39 
232.12 
169.4 
118.70 
47-9° 
184.0 
238.14 
59-95 
131.3 
173.04 
88.92 
65.38 
QI.22 


NATURAL 
NUMBERS 


LOGARITHMS OF NUMBERS 























0000/0043/0086/o1 28/01 70J021 2/0253/0294/033410374 
04.14|0453/049210531|0569]0607|0645|0682/0719|0755 
0792|0828]0864|0899|0934}0969] 1004 1038]1072|1106 
1139|1173|1206|1239]1271]1303|1335|1307|1399|1430 
1461|1492|1523/1553|1584)1014/1644]1673|/1703/1732 


1761|1790|1818|1847|1875]1903|1931|1959|1987|2014 
2041|2068]2095|2122|2148] 21 75|2201/2227/2253|2270 
2304|2330|2355|2380|2405] 2430|2455|2480| 2504/2520 
2553|2577|2001|2625|2648] 2672|2695|/2718)2742 2765 
2788|2810|2833|2856| 2878] 2900] 2923|2045|2907/2089 


3010|3032| 3054]3075|3096]3118/3139|3160/3181/3201 
32221324313203/3284|3304]3324)3345|3305|3385|3404 
3424|3444|3464|3483|350213522|3541|350013579|3598 
3617|3036|3055|3074|309213711|3729|3747/3700|3784 
3802] 382013838) 3856|387413892|3909|3927|3945| 3962 


3979]3997|4014|4031|4048] 4065|4082/4099|41 16/4133 
4150|4166|4183|4200|421614232|4249|4265|4281 42908 
4314|4330|4340|4362|4378]4303|4409|4425|4440|4456 
4472|4487|4502|451814533]454814504|4579|4594|4000 
4624] 4639|4654|4669|4683]4098/4713|4728/474214757 


4771|4786|4800|4814|482914843|485 7/487 1/4886) 4900 
4914|4928|494214955|4969]4983|4997|5011|5024|5038 
§051|5065]/5079|5092|5105}5119|5132|5145|/5159|5172 
§185|5198|5211/5224|5237]5250|/5203|5276| 5289/5302 
§315|5328|5340|5353|530015378|5391|5403|5410|5428 


544115453]5405|5478|54009550215514/5527|5539|5551 
§563|5575|5587|5599|501195023/5635|5047|5658|5670 
§682| 5694157051571 715720957401575215703|5775|5700 
§798|5809|5821|5832/5843]5855]5806| 5877/5888) 5899 
§911|5922|5933|5944|5955]5900|5977|5988| 5999/6010 


6021|6031|6042|6053|606416075|6085]6096/6107/6117 
6128|6138|6149|6160/61 70]6180|6191|6201/621 2/6222 
6232|6243|6253|6263|/6274}6284/6294|6304/6314/6325 
6335]6345|6355|0365|6375]6385|6395|6405|6415|6425 
6435|6444|6454|6464|64741648416493|6503/6513|/6522 


6532|654216551|65611657116580|6590/6599|6609|6618 
6628|/6637|6646|6656|6665]16675|6684/6693|6702|6712 
6721|6730|6739|6749|6758]6767|6776|6785|6794|6803 
6812|6821|6830|68309|6848]6857|6866|6875/6884/6893 
6902|6911|6920|6928]693716946|6955|6964|6972|6981 





6990|6998} 7007] 7016] 7024} 7033] 7042|7050|7059| 7007 


7076|7084| 7093|7101|7110}7118/7126/7135)7143|7152] 


7160]7168)7177|7185|719347202|7210|7218/7226|7235 
7243|7251|7259|7207|7275] 7284|7292|7300|7308] 7316 
7324'7332173401734817356173041737 217380! 738817300 
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PROPORTIONAL PARTS 





PHKWHW WHWHWAL 


HH HHH HH HHH HHH HH HHHAHH HDYNHNN YNNNNDND 
WwWww w WWW WwW RAHAH ANN OO oO’ AN 00 00 


HHA ARH 


NNNNN NNNHN ND So NHNHNND 


by NNN 


Ww Ww WW & Ww W GW G W WOwwbh ft HAHAH hanniwn AANADDA ws 


NN NW WwW 





1c 0 


Ww WwW WwW & WwW phPAAHA hAPRAA hannin aun AW DAAan™~ ~I ~I_ 00 00 CO 





pPRPRR PRU UUNNAN AADAAD AADINN NOW 





nun muu AO DADNDDD NNNNN 





NANAD DAA aww CO co Co CO 








aAaonnwns wr ST NTO co Co CO CO'O 0.00 
NN OO MWmMMMO O000 0 


LOGARITHMS OF NUMBERS 





PROPORTIONAL PARTS 


Bae eee) OP 7 OOo. 


7404|7412/7419|7427|7435] 7443/7451|7459|7406| 7474 
56 $7482|7490]7497|7505|7513] 752017528] 7530|7543|7551 
7559|7566|7574|7582|7580] 7597| 7604] 7612/7619|7627 
763417642|7640/7657|7664} 7672/7679] 7686) 769417701 
7799|77161772317731|7739) 7745|7752|7 7001770717774 





NATURAL 
NUMBERS 
Oo 
H 





HHAHHHA 
HHDNYDHN 





OHH NND 


7782|7789|7796|7803| 7810] 7818} 7825|7832|7830| 7846 
7853|7860) 7868| 7875/7882] 7889] 7896) 7903] 7910/7917 
7924|7931|7938|7945|7952] 7959| 7966) 7973] 7980) 7987 
7993|8000]8007|8014|8021} 8028/8035|8041|8048/805 5 
8062|8069|8075|8082|8089] 8096|/8102/8109/81 16/8122 


HAHA Aa 
HH RAH 
NO NONNDND 


8129/81 36|8142|8149/8156$8162|/8169|8176/8182/8189 
8195|8202|/8209|8215]822248228/8235/8241|8248/8254 
8261|8267|8274|8280|8287] 8293/8299|8306|83 12/8319 


8325|8331|8338)/8344/8351] 8357/8363 
8388]83095|8401|8407|8414] 8420/8426 


8451|8457|8463|8470|84761 8482/8488 
8513}8519]8525|8531|853718543/8549 
8573|8579|8585|8591|8597] 8603/8609 
8633|8639|8645|8651|8657] 8663/8669 
8692|8698/8704|8710|8716]8722|8727 


8751|8756/8762|8768/8774] 8779/8785 
8808|8814|8820|882 5/883 11833 7|8842 
8865|8871|8876|8882|8887] 889318809 
8921|8927|8932|8938|8943] 8049/8054 


8370/83 76/8382 
8432|8439|8445 


8494|8500|8506 
8555/8561/8567 
8615|8621|8627 
8675|8681|8686 
8733|8739|8745 


8791|8797|8802 
8848/8854|8850 
8904|8910/8915 
8960]8965|8971 


8976|8982/8987 


9031|9036|9042 
9085|9090|9096 
9138/9143|9149 
9IQI|9196|g201 
9243924819253 


9294192999304 
9345|9359}9355 
9395 |9400/9405 
9445|945°)/9455 
949419499|9504 


9542|954710552 
9599/9595|9600 
9638|9643|9647 
9685|9689/9604 
973119736|9741 





9777|9782|9786 
9823|9827|9832 
9868|9872/9877 
9912|9917/9921 
9955|9961|9965 





8993|8998].9004|9009|901 5|9020/9026 





9047|9053}9058|906319069|9074/9079 
QIOI|QIOOJo112\9I17/9122\91 28/9133 
9154/9159]9165/9170/9175/9180/9186 
9206|9212]9217|9222|9227/9232/9238 
9258]9263]9269|9274/9279|9284/9289 


9309|931599320/932519330/9335/9340 
9360]936549370|9375|9380|9385|9390 
9410]9415]9420|942519430|9435|9440 
9460|9465]9469|9474|90479|9484|9489 
9509]9513]951819523/9528]9533/9538 


9557195621956619571|9576|9581|9586 
960519609] 9614|9619|9624|9628/9633 
9652|9657]9661/9666|9671|9675|9680 
9699|970349708|9713/9717|972219727 
9745|975919754|9759|9703|9768)9773 


9791|9795]9800)9805|9809|9814|9818 
9836|984149845|9850/9854|9859|9863 
9881/9886]. 9890|989419899|9903|9908 
9926|9930}9934/9939|9943|9948|9952 
99691997419978|998319987|9991|9996 
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oo0o0°0 OOOHH HAHAHAHA HHHHH HAR RH MH HAHAHA 
eH HS HY Ht 


o0o0o000 
HHHAHH 


HAA Re eS HAH eH AHA Re AAR HW 


+ + + 


HHH ARR HHA DD NOONNDND NNH NN NNNONDND NONONNDND 


oH HH He 


DW WW WWWWW WWW WW 


bo YN NN NHNOHNDND NNHONNDND NO HNHN ND NONONNO ND 


NHN ND 


WWW WW WWW WwW WWW W & WWW W & WOwwtbh RHA AH 


NNNNDND NYNNNWW 


Ro HNNND 






WW Ww Ho Ww WwW WwW W& WWW W & WWW WW WWW Ww & fAAAA fHAAA HAA ALH HAAN 
WwWwww WWW WW WAwAA fAAALH AAAALH HAAAA HAAN AaAannn Aannn 





wohpPAA hAAALA AAAAA AAAAA PRAM AMA ANNAN ANADA NANDA 








HHAAAH HHAAAAR ARAUNUN UNUNUNH UMUNH UNNUNDA ADNADAQAD DAQanaanangn vyarnanna 


ANTILOGARITHMS 


ANTILOGARITHMS 











PROPORTIONAL PARTS 





1042|1045 
1059|1062|1064|1067| 1069 
1084|1086|1089|1091| 1094 
IIOQ|III2/III4|III7|I1I9 
1135/1138|1140|1143|1146 
1161/1164|1167|1169|1172 
1189|IIg1|1194|1197|1199 
I216|1219|1222|1225|1227 
1245|1247|1250|1253|1256 
1274|1276|12709|1282|128 
1303]1306|1309|1312|1315 
1334|1337|1340|1343|1346 
1365|1368]1371/1374/1377 
1396|1400|1403|1406) 1409 
1429|1432|1435|1439|1442 
1462|1466|1469|1472|1476 
1496|1500]1503|1507|I510 
1532|1535|1538|1542|1545 
15§76|1570|1574|1578|1581 
1603|1607|1611|1614|1618 
1641|1644|1648|1652|1656 
1679|1683)1687|1690|1694 
1718|1722|1726|1730|1734 
1758|1762|1766|1770|1774 
1799|1803)}1807|1181|1816 
1841|1845]1849|1854|1858 
1884]|1888]1892|1897|1901 
1928]1932|1936|1941|1945 
1972|1977|\1982|1986|1991 
2018}2023|2028|2032|2037 
2005|2070]2075|2080|2084 
2113/2118/2123|21 28) 2133 
2163)/2168/2173|21 78/2183 
2213/2218/2223/2228/2234 


2265|2270/2275|2280|2286 
2317|2323|2328|2333|2330 
2371|2377|2382|2388] 2393 
2427/2432|/2438)2443|2440 
2483]2489]2495|2500|2506 
2541|2547|2553|2559|2504 
2600|2606|2612/2618/2624 
2661|2667|2673|2679]2085 
2723|2729|2735|2742|2748 
2786|2793|2799|2805|2812 
2851|2858)2864|2871|2877 














1047|1050|1052|1054|1057 
1072|1074|1076|1079|1081 












































TI48|1151/1153/1156 
1175|1178|1180|1183 
1202]1205|1208|1211/1213 
1230]1233|1236|1239]1242 
1259|1262|1265|1268|1271 
1288]1291|1294/1297|1300 
1318]1321|1324|1327|/1330 
1349|1352|1355|1358|1361 
1380|1384]1387|1390|1393 
1413|1416|1419|1422|/1426 
1445|1449/1452)1455|1459 
1479|1483|1486|1489|1493 
ISI4|IS17|1521|1524|1528 
1549|1552|1556|1560/1563 
1585|1589|1592|1596|1600 
1622|1626|1629|1633|1637 
1660|1663|1667|1671|1675 
1698]1702|1706|1710/1714 
1738|1742/1746|1750/1754 
1778|1782|1786|1791|1795 
1820]1824|1828]1832|1837 
1862|1866|1871|1875|1879 
1905|IQIO|I9I4|1919|1923 
1950|1954]1959|1963|1968 
19Q5|2000} 2004| 2009] 2014 
2042|2046|2051|2056]2061 
2089] 2094|2099|2104|2109 
2138/2143|2148)/2153/2158 
2188]2193|2198|2203]2208 


2239|2244)2240)2254/2259 
2291|2296|2301|2307/2312 
2344|2350/2355|2360) 2306 
2399|2404|2410|2415|2421 
2455|2460|2406| 2472/2477 
2512|2518|2523|2520/2535 
2570|2570\2582|2588) 25094 
2630|2636|2642|2640|2655 
2692|2698}2704|2710]2716 
2754|2761|2707|2773|2780 
2818]2825|2831|2838)/2844 
2884|2891/2897|2904| 2011} 2017|2924|2031|2938 
2951|2958/2065|2972| 2979} 2985|2092|2999|3006]3013 
3020] 3027/3034)/3041|3048] 305 5|3062|/3069/3076|3083 
3090130971310513112!31194312613133'3141'314813155 
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TRAD AADAUA UKAUAUNN ALAA APARAAA PRWOWH WHWWH HHWHW WW HHH YH NOY 


iho OU NNtOEER ON ab bom ikon to ) AER AY Rice eee Ay aed trad HHHHH HH HHH HHHHH HHHHHA 
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ANTILOGARITHMS 


ANTILOGARITHMS 





























































A g PROPORTIONAL PARTS 

su} ° 

4 T]2/3/4]5|6/7|8]9 
«50 3162/31 70/3177/3184|3192)3199|3200/3214/3221|3228} x | I | 2 ‘al sl 6 7 
“51 13236/3243|3251|3258|3266)3273|3281 3289 3296 ae I] 2/2 ; ; 5 : 6 ; 
“52 13311/3319|/3327|3334|334213350/3357|3305|3373|33814 I | 2/213] 4] 5| 5| 6] 7 
+53 13383/3396/3404/3412|/342013428)/3436/3443|3451/345011| 212/13] 4] 5] 6| 6} 7 
“54 13467/3475|3483|3491|3409 3508]3516/3524/3532|3540]1 | 212139 4] 5] 6] 6| 7 
+55 1354813555|3565|3573|3581)3580|3597|3006/3614)/3622} x | 2 | 2 

-50 13631/3639|/3648)/3656|3664] 3673|3681|3690 3608 3707 1|2|3 ; ‘4 : 6 ; 3 
-57 13715|3724|3733|3741/375013759/3797|3770|3784|37939 I | 21313] 4] 5| 6 7] 8 
-58 13802/3811/3819/3828|383 74384613855 /3864/3873/38821 1 | 2/3/14] 4] 5] 6] 7} 8 
-59 13890|3899|3908]391 7/3926] 3936|3945|3954|3963/397291|2]/3|4] 5| 5} 6] 7] 8 
-60 13981|3990|3999|4009|4018] 4027/4036/4046|4055|4064} 1 | 213} 4] 5] 6) 6) 7| 8 
-61 [4074|4083]4093|4102|4111}4121|4130|4140/41 50/4150} 1 | 2) 3/4] 5| 6] 7| 81 9 
-62 4169|4178|4188/4198|4207]4217|4227/4236/4246|42560)1|213]49 5] 6] 7| 8] 9 
-63 ]4266]4276|4285|4295|4305]4315|4325|4335/4345|43551112|314] 5] 6] 7| 8) 9 
-64 14365|4375|4385|4395|4400]4416|4426|4436|4446/445711]213|4] 5} 6] 7] 819 
65 14467|4477|4487|4498]4508]14519|4520|4539|4550/45601 1 | 21 3/4] 5] 6] 7| 8) 9 
-66 }457114581|4592|4603|461344624|4634|4645|4656|4667] 1 | 2) 3/4] 5] 6) 7| 9|x0 
.67 14677|4688|4699|4710|472114732|474214753|4704/477511|213]4] 5| 7] 8] 9|10 
68 |4786|4797|4808|4819)4831]4842|4853|4864|4875|4887] 1 | 2/3) 4] 6| 7} 8 ojr0 
-69 14898]/4909|4920|493214943]4955/4906|4977/4989|5000] r | 213] 5] 6| 7| 8) giro 
-70 15012|5023|5035|5047|5058]5070|5082|5093|/5105/5117}1|2|4|)5] 6) 7 8} g|1z 
71 95120|5140|5152|5104|5 176951885 200|5212/5224 5230111214) 5]} 6) 7| 8irojrz 
-72 15248|5260|5272|5284|5297]5309|5321|5333|5340/53581 1 | 21.4] 5] 6] 7] 9|rolrz 
-73 15370|5383|5395|5408|54 201 5433|5445|/545815470/548311|3]4]5] 6] 8} ojrojrr 
-74 15495|5508|5521/5534|/554015559|5572/5585|5598|5010] 1 | 314] 5] 6) 8} girojr2 
75, 15623|5636/5649|5662]5675]5689|5702/5715|5728|57411 113] 4/5] 7| 8} 9|r0|r2 
.76 15754|5768|5781|5794|5808] 5821/5834) 5848|5861|5875}1/3]4/ 5] 7] 8} olrz|r2 
.77 15883|5902|5916|5929|5943]5957|5970|5984|5998|O012} 1 | 3] 4) 5] 7] 8{rojr1|12 
-78 |6026|6039|6053|6067|6081] 609 5|6109/61 24/6138/615241 | 3} 4/6) 7 8} 10}1 1/13 
.79 16166|6180|6194|6209|6223)6237/6252|6266|6281/6295} 1 | 3) 4) 6] 7| 9) 10/11/13 
80 ]631016324|6339/6353|6368]6383|639 7/642 2/6427/64424 113] 4)6} 7] 9/10|/12)/13 
81 ]6457|6471|6486|6501|651646531/6546|6561/6577|6592] 2] 3] 5) 6 8] g|r1}12|14 
82 16607|6622|6637|6653|6668]6683|6699|671 4673016745} 2 | 3 | 5 6} 8} g}rzir2/14 
.83 |6761|6776|6792|6808|6823}6839|685 5/687 1|6887|6902} 2| 3} 5]6} 8) 9/11/13|14 
84 16918|6934|6950|6966|698246998]701 5/703 1|7047|7063] 2| 3] 5} 6} 8|z0/21/73/15 
85 }7079|7096|7112|7129|7145]7161|7178/7194|7 2117228] 2 | 3) 5| 7 8] 10] 12]13|15 
.86 |7244|7261|7278|7295|7311]7328|7345|7302|7379|7390| 2 |3}5| 7] 8/10)22/13)75 
87 17413|7430|7447|7404|7482]7499|7516|7534|7552| 7508] 213] 5/7] 9] 10|12/14]16 
188 17586|7603|7621|7638|7656} 7074] 7691|7700|7727|7745] 21415] 74 9/22|/12|14)16 
89 17762|7780|7798|7816|7834] 7852|7879| 7889] 7907/7925] 21415] 7] 9/12) 13/14/16 
£90 17943]7962|7980|7998| 8017] 803 5|8054|8072 8091\8r10f 2}4] 6] 7] 9) 12] 13/15|17 
.91 |8128/8147|8166|8185|8204}8222|8241|8260 8279/8209} 2| 4] 6] S] 9/12} 13)15/17 
£92 18318|8337|8356|8375|8395]8414/8433|8453|9472|8492] 2 | 4 | 6 | 8 Jro]12)14)15)17 
.93 }8511/8531|8551|85 70|8590}8610|8630|8650 8670/86g0} 2 | 4] 6 | 8] ro} 12|14/16}18 
.94 18710|8730|8750|8770|8790}8810/8831/885 1/8872 8892] 2} 4| 6 | 8fx0}12}14}16|18 
£95 18913|8033/8954|8074|8995]9016|9036|9057|9078|9099] 2 | 4 | 6 | 8]r0)12/15|17/79 
.96 }9120|9141/9162|9183|9204]9226/9247 9268|9290|9311f 2 | 4] 6 8} 11}13/15|17/19 
.97 19333/035419376|9307/941919441|9462|9484|9506/9528} 2 | 4 | 7 | 9 11/13) 15|17|20 
.98 $95501957219504|9616|9638]9661|9683/9705|9727/9750F 2 | 4 | 7 | 9 IIT|T3 16|18|20 
.99 197721979519817198401986319886 9908]9931/9954190771 21 517 lo brr!14116118/20 
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INDEX 


Accuracy, 6 

Acidimetry, 62 

Addition, retention of figures in, 13 

Adsorption, 187 

Adsorption indicators, 161 

Alkalies, J. L. Smith method for, 166, 
207 

Alkalimetry, 62 

Alloys, analysis of, 262 

Aluminum oxide, determination of, in 
dolomite, 237 

Analytical balance, description of, 18 

Analytical chemistry, subdivisions of, 1 

Analytical operations, precision of, 16 

Analytical separations, 181 

Antimony, determination of, in stib- 
nite, 145 

Apatite, determination of phosphoric 
anhydride in, 223 


Balance, sensitiveness of, 24 
description of, 18 
Basic acetate procedure, 185 
Bichromate, process, 123 
Blair method, for phosphorus, 231 
Bleaching powder, determination of 
chlorine in, 157 
Brass, analysis of, 262 
Bronze, analysis of, 262 
' Bunsen method, for manganese, I51 
Burets, calibration of, 44 
preparation of for use, 40 
reading of, 42 
types of, 4o 


Calcium, determination of, in dolomite, 
238 

Calomel cell, 171 

Carbon dioxide, determination of, in 
dolomite, 243 

Ceric sulfate process, 135 

Chemical factor, 198 

Chloride, determination of chlorine in, 
164, 201 

Chlorimetry, 156 
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Chlorine, determination of, in bleaching 
powder, 157 
in chloride, 164, 201 
Chromite, determination of chromium 
in, 130 
Chromium, determination of, in chro- 
mite, 130 
Coin, determination of silver in, 163 
Combined oxides, determination of, in 
dolomite, 237 
Copper, determination of, in bronze and 
brass, 268 
in ore, 149 
Co-precipitation, 186 
Crucibles, preparation of, for use, 195 
types of, 194 
Cubic centimeter, definition of, 43 


Decomposition potentials, 264 
Desiccators, 194 

Digit, definition of, 12 

Distribution law, 182 

Division, retention of figures in, 14 
Dolomite, analysis of, 234 

Double indicator titrations, 81 
Double precipitation, 188 


Economy of time, 6 

Electric current, relation to oxidation, 
87 

Electrode potential, relation to concen- 
tration, 90 

Electrode potentials, 88, 263 

Electrolysis, general conditions for, 265 

Electrolytic separations, 262 

Empirical formula, calculation of, 259 

Equal turbidity method, 160 

Equivalents, oxidation-reduction, 94 

Equivalent weight, definition of, 65 

Evolution method, for sulfur, 147 


Faraday, definition of, 88 
Faraday’s law, 88 
Ferric alum method, for phosphorus, 230 
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Ferric oxide, determination of, in dolo- 
mite, 237 

Ferricyanide indicator, preparation of, 
125 

Ferrous ammonium sulfate, analysis of, 
209 

Ferrous sulfate, preparation of standard 
solution of, 101 

Filter paper, folding of, 190 

Filters, 190 

Filtration, 192 

Fractional precipitation, 184 

Funnels, 190 


Gas laws, 249 

Gay Lussac’s indicator method, 160 

Gooch crucible, preparation of, 201 

Gravimetric principles, general discus- 
sion of, 181 


Half-cell, 88 
Handy method, for phosphorus, 231 
Hydrochloric acid, preparation of stand- 
ard solution of, 62 
standardization of, 70 
Hydrogen electrode, 171 
Hydrogen-ion concentration, change of, 
during titration, 54 


Inclusion, 187 
Indicators, properties of, 51 
table of, 55 
Insoluble matter, determination of, in 
dolomite, 235 
Todimetry, 137 
Iodine, preparation of standard solution 
of, 138 
standardization of, 143 
Tonization constant, 34 
Iron, determination of, in bronze and 
brass, 271 
in ferrous ammonium sulfate, 209 
in limonite, 107, 129, 135 
Tron value, 115 
Isomorphic replacement,’ 259 


Jones reduction, 108 
Lead, determination of, on bronze and 


brass, 268 
Liebig method, for silver, 167 


INDEX 


Limestone, analysis of, 234 
Limonite, determination of iron in, 107, 
129, 135 
Liquids, evaporation of, 10 
transfer of, 9 
Literature of quantitative analysis, 3 
Liter, definition of, 43 
Lunge method, for sulfur, 219 


Magnesium, determination of, in dolo- 
mite, 242 

Manganese dioxide, determination of, 
in pyrolusite, 115 

Mass action, law of, 33 

Measuring flasks, calibration of, 46 

use of, 46 

Method of substitution, 27 

Method of swings, 23 

Milliequivalent weight, definition of, 65 

Moisture, determination of, in dolo- 
mite, 235 

Molar electrode potentials, 88 

Molar hydrogen electrode potential, 89 

Molar solutions, 49 

Multiplication, retention of figures in, 14 


Neutralization methods, 51 

Nickel, determination of, 167 
Normal solution, definition of, 49, 65 
Normal temperature, definition of, 43 
Notebooks, method of keeping, 7 
Number, definition of, 12 


Ores, analysis of, 219 

Oxalic acid, analysis of, 77 
Oxidation-reduction equivalents, 94 
Oxidation-reduction processes, 87 
Oxidation-reduction titrations, 94 


Permanganate process, 100 
pH, methods based on regulation of, 184 
Phosphoric anhydride, determination 
of, in apatite, 223 
PH value, definition of, 51 
Pipets, calibration of, 46 
use of, 45 
Potassium bichromate, preparation of 
standard solution of, 124 
standardization of, 127 
Potassium iodate, as standard solution, 
148 


INDEX 


Potassium permanganate, preparation 
of standard solution of, ro1z 
properties of, 100 
standardization of, 103 
Potentiometer principle, 172 
Potentiometric acidimetric titrations, 
171 
Potentiometric methods, 170 
Potentiometric oxidation-reduction ti- 
trations, 175 
Potentiometric precipitation methods, 
177 
Precipitates, ignition of, 196 
types of, 189 
washing of, 192 
Precipitation methods, 159 
indicators for, 160 
Preparation of the sample, 10 
Pyrite, determination of sulfur in, 219 
Pyrolusite, analysis of, 115 


Quantitative analysis, literature of, 3 
Quinhydrone electrode, 174 


Reagents, testing of, 8 


Sample, preparation of, ro 
Secondary precipitation, 160 
Sensitiveness of the balance, 24 
Significant figure, definition of, 12 
proper retention of, 12 
Silica, determination of, in dolomite, 235 
in silicates, 252 
Silicate, determination of silica in, 252 
Silver, determination of, in coin, 163 
Liebig method for, 167 
Smith, J. L., method for alkalies, 166, 
207 
Soda ash, analysis of, 76 
Sodium hydroxide, preparation of 
standard solution of, 62 
standardization of, 72 
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Sodium peroxide method, for sulfur, 220 
Sodium thiosulfate, preparation of 
standard solution of, 138 
standardization of, 140 
Solubility, methods based on, 183 
Solubility product, 35 
Soluble salts, analyses of, 201 
Specific oxidation potentials, 88 
Standard, selection of, 69 
Standard solutions, 49 
Starch, preparation of solution of, 139 
Stibnite, determination of antimony in, 
145 
Subtraction, retention of figures in, 13 
Sulfur, determination of, in ferrous am- 
monium sulfate, 215 
in pyrite, 219 


Thiocyanate, preparation of standard 
solution of, 162 

standardization of solution of, 162 
Thiocyanate process, 161 
Tin, determination of, in bronze, 267 
Titrations, general directions for, 47 
Tolerances of glassware, 47 
Tolerances of weights, 25 
Transfer of liquids, 9 
True liter, definition of, 43 


Volhard method, for halides, 115 
Volumetric analysis, divisions of, 39 


Wash-bottles, 8 

Weighing, experiment in, 29 

Weights, calibration of, 26 
description of, 25 
tolerances of, 25 


Zimmermann-Reinhardt method, for 
iron, 112 

Zinc, determination of, in bronze and 
brass, 271 
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